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EXECUTIVE SUMMARY 

Environmental Science & Engineering, Inc. (ESE), under contract with the U.S. Army Corps 

of Engineers (USACE), Huntsville Division, is conducting human and ecological baseline risk 

assessments (BRAS) to address contamination detected at 10 study areas, comprising 16 study 

areas, at the Redstone Arsenal (RSA) in Madison County, Alabama. The purpose of the 

BRAS are to determine the human health and ecological risks associated with the no-action 

alternative at the 10 areas to determine which areas, media, and contaminants require further 

evaluation in the feasibility study (FS). 

To make the most effective use of the available information and to expedite the remedial 

response process, the 16 study areas are evaluated in three separate BRAS based on several 

factors including geographical proximity, similarities in study area contaminants, and 

similarities in human and/or ecological receptors. This BRA addresses 5 of the 16 study 

areas including the following: 

1. Area F RSA 49 Former Arsenic Ponds 

2. Area G RSA 48 Former Sanitary and Industrial Landfill 

3. Area R RSA 59 Former Industrial Landfill 

4/s. Areas S and T RSA 55154 Former Industrial and Sanitary Landfill 

The remaining areas will be addressed in two subsequent BRAS; one to address Unit 1 

(RSA lo), Area 43 (RSA 53), and Area 44 (RSA 60); and one to address Unit 2 (RSA 12, 

13, 14, 131, and 133); Area Xl (RSA 66), and Area 2 (RSA 68). 

STUDY AREA HISTORY 

RSA is comprised of three separate military facilities originally established in 1941. These 

included the Redstone Ordnance Plant (later RSA), the Huntsville Arsenal, and the Gulf 

Chemical Warfare Depot. These three facilities worked together to produce conventional and 

chemical munitions for use during World War II from 1942 to 1945. 

Numerous chemical manufacturing plants were operated at the three facilities to produce raw 

materials for toxic agents as well as to manufacture the agents themselves (Department of the 

Army, 1977). Immediately after World War II, the Gulf Chemical Depot acted as the center 
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for receipt and storage of surplus chemical munitions and agents as well as captured German 

chemical agents. Between 1945 and 1949, all three military units reduced activities to 

standby status levels. In 1947, the functions of the Gulf Chemical Depot were incorporated 

into those of the Huntsville Arsenal and subsequently the Huntsville Arsenal was declared 

surplus. In 1949, the Army designated RSA as caretaker of the Huntsville Arsenal properties. 

RSA was reactivated in 1949 to perform basic research and development @&D) in rocketry 

and guided missile systems. As research activities increased, the need for additional land led 

the Army to formally incorporate all lands previously used by the Huntsville Arsenal and the 

Gulf Chemical Depot into the complex that forms the current boundaries of RSA. 

! 
REGULATORY HIST.ORY 

RSA has conducted studies of past hazardous waste management practices at its facility in 

accordance with the requirements of the Resource Conservation and Recovery Act of 1976, 

with Amendments (RCRA). These studies included a RCRA Facility Investigation (RFI) and 

Health and Environmental Assessment (HEA) [Geraghty & Miller, Inc. (G&M); 1991, 19921 

in which historical and analytical data were collected and evaluated in two phases (Phase I and 

Phase II), to determine the nature of contamination at the 16 solid waste management units 

(SWMUs). In addition, a RCRA Corrective Measures Study (CMS) (ESE, 1993) was 

completed to evaluate corrective measures to be implemented at study areas where 

contaminants exceeded generic residential health criteria as presented in the RF1 HEA (G&M, 

1991; 1992). 

While the draft CMS report was being completed for an April 1993 submittal to the U.S. 

Environmental Protection Agency (EPA), RSA was proposed to be listed on the 

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 

National Priority List (NPL). On May 31, 1994, RSA was formally proposed for NPL status 

in the Federal Register, with actual promulgation to occur on June 30, 1994. As a result of 

the RSA NPL nomination, EPA Region IV requested that RSA revise both the RCRA HEA 

(conducted as part of the RF1 (G&M, 1991, 1992) and the RCRA CMS (ESE, 1993) to meet 

the requirements of the equivalent documents under CERCLA and the National Contingency 

Plan (NCP). At the time of the request, EPA indicated to RSA that the information 

developed during the RCRA studies was to be used, to the greatest extent practical, in 

preparation of the equivalent CERCLA documents. EPA, ADEM, and RSA agree that 
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inorganics (excluding a number of metals because they were representative of background 

conditions), volatile organics, semivolatile organ& and several pesticides. While EPA risk 

assessment guidance allows for a reduction in the number of chemicals that must undergo 

complete evaluation in the risk assessment (i.e., focus the risk assessment on those chemicals 

that are most toxic), computers enable the risk assessor to completely evaluate all pertinent 

data. Thus, the only data screening that was performed for this BRA was for inclusion of all 

contaminants that were thought to be study area-related, and contaminants that were detected 

at levels significantly above background. 

ExDosure Assessment 

The exposure assessment ‘is the cornerstone of the risk assessment process as this step 

accomplishes the identification of significant human and ecological exposure pathways and 

population(s) based on the physical and chemical characteristics of the study area; determines 

the exposure concentrations to potential receptors; and estimates the magnitude, duration, and 

frequency of exposure for each receptor (or receptor group). For the five areas of concern, 

the primary human exposure pathways included in this BRA include the following: 

Human ExDosure Pathwavs Ecoloeical ExDosure Pathwavs 

Current Recreational Aquatic 

Current Worker Terrestrial 

Future Worker 

Human exposure addresses potential exposure to surface soil, groundwater, surface water, and 

sediment. Terrestrial exposure addresses potential exposure to surface soil, while aquatic 

exposure addresses potential exposure to surface water and sediment. 

Groundwater will be evaluated as an aquatic exposure pathway only if habitats (Le., caves) 

are discovered near the five areas of concern. To date, no such habitats have been 

documented. 

Toxicity Assessment 

The primary purpose of the toxicity assessment is to s ummarize the toxicological properties of 

the COPCs and identify concentration levels that are not expected to produce adverse effects. 

A literature and database search was conducted to obtain the toxicological properties of the 

COPCs, including pharmacokinetics, metabolism, acute and chronic toxicity, carcinogenic and 

noncarcinogenic effects on human receptors, wildlife, and aquatic species. 
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The primary sources of toxicological data were from EPA-verified references. When this 

information was not identified an appropriate toxicological constant, current literature was 

reviewed to find appropriate toxicological data, which were used to calculate dose-response 

values using the methodologies outlined in EPA guidance documents. 

Risk Characterization 

The study area-specific human carcinogenic and noncarcinogenic risk estimates are determined 

using the exposure concentrations and factors presented in the exposure assessment along with 

the dose-response information developed in the toxicity assessment. The potential 

carcinogenic risks are compared with the EPA target cumulative risk range. Acceptable 

exposure levels are the contaminant concentration levels that present an excess cancer risk of 

10m6 (1 in l,OOO,OOO) to lo4 (1 in 10,000) to the exposed population, [NCP, 40 Code of 

Federal Regulations (CFR) 300, 430:62]. 

When a cumulative carcinogenic risk (risk associated with exposure to a mixture of chemicals) 

to an individual receptor under the assumed exposure conditions at a Superfund study area 

exceeds 10d, CERCLA generally requires remedial action at the study area (EPA, 1991a). If 

the cumulative risk is less than 10m4, action generally is not required but may be warranted if a 

chemical-specific standard that is risk based [e.g., the maximum contaminant level (MCL) or 

an ambient water quality criterion (AWQC)] is violated. A risk-based remedial decision could 

be superseded by the presence of noncarcinogenic impact or environmental impact at the study 

area as indicated by a hazard index greater the 1 for human noncarcinogenic exposures or an 

exceedance of an ecological quotient (EQ) of 1 for aquatic or terrestrial exposures. 

Human Risk Characterization Results 

The results of the human BRA indicate that the following scenarios exceed either a cumulative 

risk of lo4 or an HI of 1: 

Area F Groundwater Future worker > 1 x lOA Arsenic, carbon tetrachloride, 
chloroform 

HI > 1 Arsenic, mercury, carbon 
tetrachloride 

Area G Groundwater Future worker HI > 1 Arsenic, barium, chromium, and 
cadmium 
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Area R Groundwater Future worker HI > 1 Arsenic, cadmium, chromium, 

Areas S 
andT Groundwater Future worker HI > 1 Benzene, chlorobenzene 

In addition, the MCL for lead of 15 pg/L was exceeded for lead at Areas G, R, S, and T. 

Ecological Risk Characterization Results 

The results of the ecological BRA indicate that none of the exposure scenarios resulted in an 

EQ greater than 1 or an exceedance of an AWQC. 

RGOs 

The Super-fund Amendments and Reauthorization Act of 1986 (SARA) requires that remedial 

actions attain a degree of contaminant cleanup that ensures protection of public health and the 

environment. Thus, the risk characterization results are used to identify whether study area 

COPCs need to be reduced to acceptable health-based levels. The acceptable health-based 

levels are referred to as RGOs which are chemical-specific concentration goals for individual 

chemicals for specific medium and reasonable land use combinations. 

Based on the results of the risk characterization, all five areas, Areas F, G, R, and S/T 

resulted in excess risk or HI based on the future worker exposure scenario to groundwater. 

Thus, this scenario was the basis for developing RGOs for groundwater at these areas. 

Ecological risk characterization results indicated that none of the exposure scenarios resulted 

in EQs of more than 1, or exceedance of AWQCs. Thus, RGOs were developed for 

groundwater based on the human risk results. In summary, the RGOs are developed for the 

following chemicals to provide risk managers with the maximum risk-related media level 

options on which to develop remediation aspects of the FS: 

Medium Organics Inorganics 

F Groundwater Carbon tetrachloride 
Chloroform 

Arsenic 
Mercury 
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Groundwater Not applicable Arsenic 
Barium 
Chromium 
Cadmium 
Lead 

R Groundwater Not applicable Arsenic 
Cadmium 
Chromium 
Lead 

SandT Groundwater Benzene Lead 
Chlorobenzene 
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1.0 INTRODUCTION 

1.1 OVERVIEW 

The U.S. Army Corps of Engineers (USACE) has contracted with Environmental Science & 

Engineering, Inc. (ESE) to conduct human and ecological baseline risk assessments (BRAS) to 

address contamination detected at 16 study areas at the Redstone Arsenal (RSA) in Madison 

County, Alabama (Figure 1.1-1). The BRA is performed by ESE under contract USACE, 

Delivery Order 0010, Contract Number: RSA-DACA-87-92-D-0018. The purpose of a BRA 

is to determine if remedial action is required at the study areas by assessing the potential 

health risks to humans and ecological receptors that may be posed by these areas. 

1.1.1 RSA has conducted studies of past hazardous waste management practices at its facility 

in accordance with the requirements of the Resource Conservation and Recovery Act of 1976, 

with Amendments (RCRA). These studies included a RCRA Facility Investigation (RFI) and 

Health and Environmental Assessment (HEA) [Geraghty & Miller, Inc. (G&M); 1991a, 

1992a] in which historical and analytical data were collected and evaluated in two phases 

(Phase I and Phase II) to determine the nature of contamination at the 16 SWMUs. In 

addition, a Draft RCRA Corrective Measures Study (CMS) (ESE, 1993) was completed to 

evaluate corrective measures to be implemented at study areas where contaminants exceeded 

generic residential health criteria as presented in the RF1 HEA (G&M, 1991a; 1992a). These 

studies were conducted on the 16 SWMUs listed in Table 1.1-l and shown on Figure 1.1-2. 

1.1.2 While the draft CMS report was being completed for an April 1993 submittal to the 

U.S. Environmental Protection Agency (EPA), RSA was proposed to be listed on the 

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 

National Priority List (NPL). On May 31, 1994, RSA was formally proposed for NPL status 

in the Federal Register, with promulgation expected to occur on June 30, 1994. As a result 

of the RSA NPL nomination, EPA Region IV requested that RSA revise both the RCRA HEA 

(conducted as part of the RF1 (G&M, 1991a, 1992a) and the RCRA CMS (ESE, 1993) to 

meet the requirements for their equivalent documents under CERCLA and the National 

Contingency Plan (NCP). At the time of the request, EPA indicated to RSA that the 

information developed during the RCRA studies was to be used, to the greatest extent 

practical, in the preparation of the equivalent CERCLA documents. To achieve the EPA 
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request, RSA has used substantial portions of the RF1 report, indicating any additional 
.i t ) 

investigations to be performed during remedial design to ensure validity of determined risks, 
< 
1 appropriateness of remedial designs, and conformance to regulatory requirements. 
: 

1.1.3 To make the most effective use of the available information, and to expedite the 

remedial response process, the 16 study areas (formerly referred to as SWMUs under RCRA) 

are evaluated in three separate BRAS based on several factors including geographical 

proximity (see Table 1. l-l and Figure l.l-2), similarities in study area contaminants, and 

similarities in human and/or ecological receptors. This BRA addresses the following 5 of the 

16 study areas: 

Area F RSA 49 Former Arsenic Ponds 

Area G RSA 48 Former Sanitary and Industrial Landfill 

Area R RSA 59 Former Industrial Landfill 

Areas S and T RSA 55154 Former Industrial and Sanitary Landfills 

1.1.4 The purpose of this BRA is to summarize and interpret the RF1 results (G&M, 1991a 

and 1992) to determine if remedial action is required at these areas based on an evaluation of 

the potential risks posed to human and ecological receptors, in addition, the BRA will 

determine remedial design data needs to reduce uncertainty in risk characterizations. The 

1 
Y 

remaining six areas will be addressed in two separate BRAS. 

1.2 STUDY AREA BACKGROUND 

To provide a general understanding of the study area history and conditions, summaries of the 

area-wide operations and history of RSA are presented. These are followed by more detailed 

summaries of the history and operations conducted at the five study areas under consideration 

in this BRA. This information was obtained from the G&M Phase I and Phase II RF1 reports 

dated October 1991 and October 1992, respectively. 

1.2.1 RSA FACILITY 

1.2.1.1 General Description 

The land area of the current RSA included three separate military facilities originally 

established in 1941; (1) the Redstone Ordnance Plant (later Redstone Arsenal), (2) the 

Huntsville Arsenal, and (3) the Gulf Chemical Warfare Depot. These three facilities worked 

together to produce conventional and chemical munitions for use during World War II 
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(WWII) from 1942 to 1945. The responsibilities for weapon production were separated as 

follows: 

1. Huntsville Arsenal produced toxic agents and incendiary materials; 

2. Redstone Ordnance Plant assembled the munitions; and 

3. Gulf Chemical Warfare Depot stored and shipped the munitions as well as bulk 

chemicals and equipment associated with decontamination. 

1.2.1.1.1 Numerous chemical manufacturing plants were operated at the three facilities to 

produce raw materials for toxic agents as well as to manufacture the agents themselves 

(Department of the Army, 1977). 

1.2.1.1.2 Immediately after WWII, the Gulf Chemical Depot acted as the center for receipt 

and storage of surplus chemical munitions and agents as well as captured German chemical 

agents. Between 1945 and 1949, all three military units reduced activities to standby status 

levels. In 1947, the functions of the Gulf Chemical Depot were incorporated into those of the 

Huntsville Arsenal and subsequently the Huntsville Arsenal was declared surplus. In 1949, 

the Army designated Redstone Ordnance Plant as caretaker of the Huntsville Arsenal 

properties. RSA was reactivated in 1949 to perform basic research and development (R&D) 

in rocketry and guided missile systems. As research activities increased, the need for 

additional land led the Army to formally incorporate all lands previously used by the 

Huntsville Arsenal and the Gulf Chemical Depot into a complex that forms the current 

boundaries of RSA. 

1.2.1.1.3 The U.S. Army Ballistic Missile Agency was established in 1956. In 1960, the 

civilian rocketry and missile activities conducted by the Army were transferred to the National 

Aeronautics and Space Administration (NASA). Marshall Space Flight Center (MSFC) of 

NASA is a tenant activity at RSA that currently develops, tests, and manufactures space 

vehicles and components. 

1.2.1.2 Manufacturing Ooerations and Waste Generation at RSA 

In 1942, six mustard gas manufacturing plants were constructed at the facility and were in 

operation until 1943. Materials that were used or produced in substantial quantities as part of 

the mustard gas operations included sulfur monochloride, ethylene, brine, caustic soda, liquid 
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caustic, chlorine, and thionyl chloride. The two chlorine plants that were constructed to 

support the mustard gas generation activities were in operation until 1945. These plants were 

located in the central part of RSA north of Huntsville Spring Branch (Figure 1.1-2). Mustard 

gas products and wastes were stored and disposed of onsite at various locations throughout the 

arsenal. 

1.2.1.2.1 Lewisite, a chemical warfare agent containing arsenic, was manufactured in five 

plants located in the central part of RSA in 1942 and 1943. Arsenic-containing wastes, 

generated from the Lewisite manufacturing process, were disposed of in shallow ponds 

(including Area F) at RSA. 

1.2.1.2.2 Subsequent to World War II, the chemical manufacturing facilities used to produce 

bulk chemicals were leased by the Army to numerous private firms for production of 

commercial chemicals and pesticides. The manufacturing of pesticides, including DDT, was 

begun in 1947 and terminated in 1971. The manufacturing of DDT and other pesticides 

resulted in the production of significant amounts of DDT-contaminated wastes. Thousands of 

pounds of these wastes were buried at landfills throughout RSA, including those at Area Q3, 

Area 44, and Areas S and T. In addition, large quantities of wastewater containing DDT 

were discharged to Huntsville Spring Branch. In July of 1979, the U.S. Army initiated an 

extensive DDT Migration Abatement Program. From July 1979 to August 1982, DDT 

wastes, including highly contaminated soils and sediments, were excavated from the DDT 

manufacturing area, the DDT drainage ditch, and former DDT disposal sites throughout RSA, 

and disposed of in a specified DDT Waste Soils Landfill located in Unit 1. In 1983, Olin 

Corporation (principal DDT manufacturer) began DDT cleanup procedures under a U.S. 

Justice Department Consent Decree. Their activities included cleanup of DDT contamination 

in Huntsville Spring Branch, erosion control and earth work at the site of the former DDT 

facility, diversion and reconstruction of Huntsville Spring Branch, covering of the 

contaminated creek and adjacent areas, capping and revegetation of the remediated areas, and 

initiation of a groundwater and surface water monitoring program to be continued until the 

year2007. 

1.2.1.2.3 The military R&D efforts at RSA have been continually supported since 1949 by 

civilian contractors. The first government contracts were issued in 1949 to Rohm and Haas 
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Company and the Thiokol Corporation to develop various types of rocket propellants. 

Chemical manufacturing facilities were constructed for the government contractors to provide 

materials for these R&D activities 

1.2.1.2.4 Thiokol currently operates a rocket motor manufacturing plant that utilizes organic 

nitrogen propellants based on RDXEIMX compounds, classified as 1.1 propellants, and 

ammonium perchlorate-based mixtures that are classified as 1.3 propellants. According to 

facility representatives, the Thiokol missile production facility is currently responsible for the 

generation of approximately 75 percent of the wastes generated at RSA. These wastes include 

propellants, propellant-contaminated shipping materials, propellant-contaminated solvents 

(principally methylene chloride), as well as small amounts of Freon 113, solvents, and waste 

oils. The propellants, explosives, propellant-contaminated wastes, and 

propellant-contaminated solvents are thermally treated at Unit 2, the open burn/open 

detonation area. 

1.2.1.2.5 Ordnance, including shells, grenades, and smoke pots have also been manufactured 

and demilitarized at RSA. Large areas on the facility continue to be used for testing 

propellants, explosives, and ordnance, as well as for troop training. 

1.2.1.2.6 RSA has a Part B permit for the Hazardous Waste Storage Unit, which includes 13 

storage igloos set aside for hazardous waste storage. RSA has a Part A permit for Unit 2, the 

open burn/open detonation area, which is classified as a hazardous waste thermal treatment 

unit. 

1.2.2 AREA F (RSA 49) 

Area F (RSA-49) occupies approximately 5 acres of land and consists of three closed ponds 

used in the 1940s for the disposal of arsenic-contaminated waste from chemical manufacturing 

facilities (Figure 1.2-1). Area F is located in the north-central part of RSA and is bounded by 

a small drainage ditch on the east, open pasture to the north, and an area of pine trees on the 

west. The drainage area on the east is planned for rerouting as part of an interim remedial 

action (IRA). The IRA is expected to be completed by the beginning of the third quarter of 

fiscal year (FY) 1995 and will entail removing existing vegetation at the study area, 

constructing a clay cap, and installing a new chain link fence. The former Lewisite 
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manufacturing facility, where the arsenic waste was generated, was located less than 1,000 

feet (ft) south of the arsenic ponds, Waste ash, rubble, and industrial waste were disposed of 

in the ponds subsequent to the disposal of arsenic waste. The source of the rubble and 

industrial waste was the demilitarization of sumps and buildings from the former Lewisite 

manufacturing facility and other onsite facilities. The ponds were closed, covered, and 

capped in 1977 and planted with grass and pine trees, 

1.2.3 AREA G (RSA 48) 

Area G (RSA 48) is located in the east-central portion of RSA and occupies approximately 5.5 

acres (Figure 1.2-2). Area G is bounded by McDonald Creek on the east, a drainage ditch 

and RSA Sewage Treatment Plant 4 (SIP 4) on the north, pasture lands on the west, and 

railroad tracks on the south. Area G is a former sanitary and industrial landfill. The unlined, 

uncapped earthen landfill was active from 1947 to 1950 and received rubble from construction 

materials and sanitary waste, but no hazardous materials. Currently, refuse is exposed on the 

north side of the landfill, along the south bank of the north drainage creek. A thin layer of 

soil, grasses, small trees, and brush cover the area. 

1.2.4 AREA R (RSA 59) 

Area R (RSA 59), a former industrial landfill located in the central part of RSA occupies 

approximately 8 acres and is bounded on the north, south, and east by woods and wetlands 

(Figure 1.2-3). Area R was active from 1972 to 1976 and received rubble from construction 

activities. Rubble, metal debris, railroad ties, and concrete slabs were observed around the 

landfill boundaries, particularly along the south and east boundaries. Area R may have been 

a borrow area before being used as a rubble fill. There is a wetland on the western edge of 

the rubble fill. The shallow subsurface consists essentially of concrete rubble. Examination 

of 1950s aerial photographs indicates that the area may have been a discharge basin or 

drainage for the adjacent liquid caustic plant. 

1.2.5 AREAS S AND T (RSA SSl54) 

Area S (RSA 55) comprises a single landfill which occupies approximately 5 acres and is 

located in the central portion of RSA (Figure 1.2-4). Area T is to the north and occupies 

approximately 13 acres. Both areas were used during the 1960s for disposal of household, 

administrative, and industrial waste [P.E. LaMoreaux & Associates, Inc. (PELA), 1988a, 
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19891. Trenches were used to dispose of waste and then covered with a thin layer of soil. 

DDT waste was buried at various locations at Areas S and T between 1968 and 1973. 

1.2.5.1 Areas S and T are bounded on the west by Mills Road, on the north by Martin Road, 

and on the east by McMorrow Labs (Building 5400). The landfill is intersected by Fowler 

Road which was constructed after the landfill was operable. Until recently, Area S, on the 

south side of Fowler Road, was covered with thick vegetation including tall pine trees and 

associated undergrowth. Between the performance of the Phase I RF1 and Phase II RFI, a 

large part of Area S was clearcut. Area T, on the north side of Fowler Road, is covered by 

woods, briars, and grasses. The east central portion of Area T is maintained as an open area 

and was at one time used as a construction staging and storage site for Harbert Construction 

Company. Although the landfill areas have been revegetated, remnants of disposal trenches 

are still visible. 

1.2.6 SUMMARY OF PREVIOUS INVJBTIGATIONS AT RSA 

In 1977, a comprehensive environmental review of RSA operations was conducted by the 

Office of the Project Manager for Chemical Demilitarization and Installation Restoration at 

the request of the U.S. Army Missile Materiel Readiness Command. The final report, 

entitled “Installation Assessment of Redstone Arsenal, Alabama” (Department of the Army, 

1977), included a review of current environmental resources, current and historical waste 

disposal practices, potential for contaminant migration, and conclusions/recommendations to 

improve environmental quality. 

1.2.6.1 Several reports document the DDT cleanup activities. During the late 197Os, a study 

was conducted by the U.S. Army Environmental Hygiene Agency (AEHA) to investigate 

impacts of DDT disposal practices to the local population and environment. This report is 

entitled “Special Study No. 24-0044-77, Evaluation of Environmental Degradation from Prior 

DDT Waste Disposal at Redstone Arsenal, Alabama,” (AEHA, 1977). In 1983, a summary 

report on an environmental survey and the DDT abatement programs conducted by the U.S. 

Army Toxic and Hazardous Materials Agency was prepared for Redstone Arsenal (Water and 

Air Research, Inc., 1983). The Environmental Affairs Department of the Olin Chemicals 

Group has prepared several semi-annual and annual reports documenting their DDT 

investigations and long-term monitoring program (Olin Chemicals Group, 1983, 1987, 1989). 
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In 1986, the final environmental impact statement for the Olin remedial action project was 

issued by the USACE, Nashville District (USACE, 1986). In 1979, the U.S. Army Missile 

Command of Redstone Arsenal prepared a “Summary of DDT Contamination at Redstone 

Arsenal, Alabama” to document the DDT disposal activities and mitigation program. This 

report was updated in 1981 and again in 1989 (U.S. Army Missile Command, 1989). 

1.2.6.2 General environmental reports concerning RSA include “Installation Environmental 

Assessment” (Department of the Army, 1977) and “Analytical/Environmental Assessment 

Report, Redstone Arsenal, Alabama” (Harland Bartholomew & Associates, Inc., 1986). 

These environmental assessments outline the cultural, ecological, socio-economic, and utility 

features of RSA. 

1.2.6.3 In September 1989, G&M was contracted by USACE to perform an RF1 at RSA. 

The purpose of the RF1 was as follows: 

1. Confirm the presence or absence of contamination at each of 10 study areas; 

2. Determine the extent and degree of contamination; 

3. Identify and characterize the sources of contamination; 

4. Assess the potential for migration, and identify exposure pathways and receptor 

populations; and 

5. Identify health and environmental risks. 

1.2.6.4 Previous investigations at Unit 1, Unit 2, and the Unit 3 have generated the 

following reports: 

Phase I Report RCRA Facility Investigations at Unit 1. Unit 2. and Selected Unit 3 
Areas. Redstone Arsenal, Alabama. Prepared for the U.S. Army Corps of Engineers, 
Huntsville Division. Contract No. DACA87-89-C-0075. Prepared by Geraghty & 
Miller, Inc. 

Phase II Addendum RCRA Facilitv Investigations at Unit 1. Unit 2. and Selected 
Unit 3 Areas. Redstone Arsenal, Alabama. Prepared for the U.S. Army Corps of 
Engineers, Huntsville Division. Contract No. DACA87-89-C-0075. Prepared by 
Geraghty & Miller, Inc. 

Natural Resource Management Plan for Redstone Arsenal. RSA. June 1992. 

Identification and Evaluation of Potential Solid Waste Management Units (SWMUs) 
and Areas of Concern (AOCs) at Redstone Arsenal. Alabama. Geraghty and Miller, 
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Inc. (G&M). 1991. Tampa, FL. February, 1991. Contract No. DACA87-89-C-0075. 
Prepared for the U.S. Army Corps of Engineers, Huntsville, Alabama. 

Preliminarv Site Insnection Report for Redstone Arsenal. Site Insnection Renort No. 
Prepared for the U.S. Army Corps of Engineers, Toxic and Hazardous 91031. 

Materials Agency, Aberdeen Proving Ground, MD. Prepared by: Advanced Sciences, 
Inc. Oak Ridge, TN. 1992. 

Final Environmental Imnact Statement for Rermlatorv Actions Associated with the Olin 
Cornoration. Remedial Action Plan to Isolate DDT from the Peonle and the 
Environment in the Huntsville Snrina Branch-Indian Creek Svstem. Wheeler Reservoir, 
Alabama. U.S. Army Corps of Engineers (USACE). 1986. Nashville District. 
Cooperating Agencies are the U.S. Environmental Protection Agency, the U.S. Fish 
and Wildlife Service, and the Tennessee Valley Authority. 

Installation Assessment of Redstone Arsenal. Alabama. Record Evaluation Renort 
No. 118, Department of the Army, December, 1977. 

Installation Environmental Assessment. U.S. Army Missile Command. September 
1979. 

Interim RCRA Facilitv Assessment ReDort of the Redstone Arsenal Huntsville, 
Alabama. EPA ID No. AL 721 002 0742, A.T. Kearney, Inc., September, 1989. 

Interim RCRA Facilitv Assessment Renort of the Marshall &ace Flight Center, 
Huntsville. Alabama. EPA ID No. AL1 800 013 863, A.T. Kearney, Inc. 1989. 

Master Plan Narrative for Redstone Arsenal. Alabama, USACOE, Mobile District, 
Kimley-Horn and Associates, Inc., December, 1989. 

Huntsville &ring Branch-Indian Creek. Long-Term Monitoring Program. Annual 
ReDort No. 4, Olin Corp. TN. May 1992. 

Environmental Effects of Armv Actions, Army Regulations, Environmental Quality, 
December 1988, HQ Dept. of the Army, Washington D.C. 

Final Remedial Action Plans for Redstone Arsenal. Alabama. Unit 1 DDT and Sanitary 
Landfill and Unit 2 Open Burn/Open Demolition Area, September 1988, P.E. 
LaMoreaux & Associates, Inc. (PELA) Tuscaloosa, Alabama, for U.S. Army 
Engineering Division, Huntsville AL. 

Installation Restoration Program Cost Estimate, September 1991) DOD, Offtce of the 
Deputy Assistant Secretary of Defense (Environmental). 

Final Remedial Investigation Engineering ReDort Redstone Arsenal. Alabama. Unit 1 
DDT and Sanitarv Landfills and Unit 2 Onen Burn/Onen Demolition Area, Volume I 
Text, September 1988, P.E. LaMoreaux & Associates, Inc. (PELA) Tuscaloosa, 
Alabama, for U.S. Army Engineering Division, Huntsville AL. 
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Final Confirmation Renort Unit 3 Investigations Redstone Arsenal. Alabama 
+ Volume I Text, July 1988, P.E. LaMoreaux & Associates, Inc. (PELA) Tukloosa, 

r Alabama, for U.S. Army Engineering Division, Huntsville AL. 

Final Umzrade Confirmation Renort and Assessment of Remedial Alternatives for 
. Selected Unit 3 Sites Redstone Arsenal. Alabama, April 1989, P.E. LaMoreaux & 

Associates, Inc. (PELA) Tuscaloosa, Alabama, for U.S. Army Engineering Division, 
Huntsville AL. 

Interim RCRA Facilitv Assessment ReDort of the Redstone Arsenal. Huntsville, 
Alabama, September 1989, A.T. Kearney, Inc. Alexandria VA for U.S. Environmental 
Protection Agency, Atlanta, GA. 

Cultural Resource Management Plan for RSA, Prepared by Mobile District USACE, 
January 1992. 

Management of Cultural Resources at RSA. Alabama, Prepared for: U.S. Army 
Missile Command. Prepared by: Charles M. Hubbert., University of Alabama. 
March 1989. 

Remedial Action Decision Document for the DDT Contaminated Areas, Redstone 
Arsenal.. January 1988. 

Hazardous Waste Studv No. 37-26-05450-87 Investigation of Soil Contamination at the 
Contaminated Waste Burning Pits and the Gnen BuminP Area, U.S. Army 
Environmental Hygiene Agency 1986, Redstone Arsenal, Alabama, 7-14 January 1986. 
(AEHA, 1986) 

1.3 GENERAL SAMPLING LOCATIONS AND MEDIA 

’ The sample identifications (IDS), collection dates, and other relevant information used for the 
BRA were obtained directly from the G&M Phase I and II reports and the CMS report. 
Level III data were used. The sample locations for each area are discussed separately and two 

maps (soil and groundwater sampling locations) are provided for each area. The exposure 
concentrations were obtained from the RFI and were based on the intervals of the samples 
collected at that time (G&M, 1990 and 1991), which include surface depths designated as O- 
2 ft. The exposure concentrations for soil in this document are assumed to be at the surface 
(the first 12 inches) within the sample interval. The ground cover present at all study areas of 
concern is not conducive to suspended airborne dust as it is vegetated and the contaminant 

, sources are subsurface sources such as landfills. 

1.3.1 AREA F (RSA 49) 

As part of the Phase I and Phase II RFIs, test pits, soils, groundwater, surface water, and 
sediment were sampled at this area. Figure 1.3-1 shows the location of the test pits, 
sediment, and soil samples, Figure 1.3-2 shows the monitor well and surface water sampling 
locations at Area F. 
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1.3.1.1 Test Pits 

To better define the waste characteristics of the ponds, three test pits (FTP-1, FTP-2, and 

FTP-3) were excavated during Phase I in November 1990. The test pits were located inside 

the former pond areas. The test pits were sited within the former impoundments based on the 

results of geophysical investigations, study area observations (stressed vegetation), and aerial 

photos from which former pond boundaries can be identified. Six soil and waste samples 

were collected and analyzed for volatile organic compounds (VOCs), base-neutral and acid 

extractables (BNAs), and total metals (Appendix A). No test pits were excavated during the 

Phase II RFI. 

1.3.1.1.1 As stated in the Phase II RF1 report (G&M, 1991a; 1992a), in addition to test pit 

samples, several shallow soil samples taken from the closed arsenic lagoons during the second 

phase were also categorized as waste samples. These shallow soil samples (FSB-lS, FSB-7A, 

FSB-8A, FSB-8C, and FSB-9C) were collected from soil borings and analyzed for 

contamination. 

1.3.1.1.2 Air monitoring was conducted in association with the test pit excavation. During 

the excavation of all of the test pita, air samples were collected and analyzed for VOCs in the 

field using portable gas chromatograph equipment. Field logs for the air monitoring 

conducted at Area F are presented in the Phase I RFI. 

1.3.1.2 Shallow Surface Soil SamDling 

One shallow soil sample (FS-7) was collected south of Area F during Phase I to investigate 

the potential for additional contamination sources near the former chemical manufacturing 

plant located southwest of the closed arsenic ponds. The soil sample was analyzed for VOCs, 

BNAs, and total metals (Appendix A, Table F-2). The soil sampling log is included in the 

Phase I RFI. 

1.3.1.2.1 During the Phase II RF1 in April 1992, seven shallow soil samples (FS-14, FS-16, 

FS-17, FS-18, FS-19, FS-20, and FS-21) were collected around the perimeter of Area F to 

determine the area1 extent of impacted surface soils associated with Area F. Two additional 

shallow soil samples (FS-22 and FS-23) were collected on the west side of Area F to help 

determine the concentration of selected constituents in the shallow soils within Area F but 
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outside the closed disposal ponds. All of the shallow soil samples were analyzed for 

polycyclic aromatic hydrocarbons (PAHs), arsenic, mercury, and cadmium (Appendix A) 

Field descriptions of the soils are included in Attachment III of the Phase II Quality Control 

and Summary Report (QCSR) (G&M, 1992b). 

1.3.1.3 Soil Borinm 

Soil boring FSB-1 was drilled in the west central portion of Area F during Phase I. The 

purpose of the boring was to evaluate the subsurface geology and potential soil contamination 

within the closed arsenic ponds of Area F. Another soil boring, FSB-2, was located to the 

northwest, outside and upgradient of Area F. This boring was used to collect background soil 

samples in an area presumed not to have been impacted by study area activities. Field 
geologic logs for soil borings drilled in Area F are included in the RFI. Two soil samples 

were collected from each of the borings and analyzed for VOCs, BNAs, and total metals 

(Appendix A). 

1.3.1.3.1 Seven soil borings were drilled and sampled during the Phase II RF1 at Area F. 

Two of the soil borings (FSB-3 and FSB-4) were drilled on the west and north sides of 

Area F, respectively. Both were drilled to determine the surface and subsurface extent of 

impacted soils within Area F but outside of the closed disposal ponds. The remaining five 

soil borings (FSB-5, FSB-6, FSB-7, FSB-8, and FSB-9) were drilled within the suspected 

boundaries of the closed disposal ponds to help determine the surface and subsurface extent of 

constituents associated with the disposal of wastes to the ponds in Area F. Field geologic logs 

for soil borings in Area F are included in the Phase II RFI. 

1.3.1.3.2 An average of two soil samples were collected from each of the borings. One 24 

composite shallow subsurface soil sample from intervals between 0 and 8 feet-below land 

surface (ft-bls) and one 24 deep subsurface soil sample from an interval between 10 and 

16 ft-bls was collected from each soil boring (Appendix A). The soil boring samples were 

analyzed for PAHs, arsenic, mercury, and cadmium. Samples from five sampling intervals 

(lSB-7A, lSB-8A, lSB-8C, and lSB-9C) were categorized as waste samples based on visual 

assessment of the soils. The waste samples were analyzed for the constituents listed 

previously with the exception of lSB-8C and lSB-9C which were not analyzed for PAHs. 

Soil sampling logs are included in Attachment III of the Phase II QCSR (G&M, 1992b). In 
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addition, geotechnical tests, including grain size distribution, Atterberg limits, and moisture 

content were obtained from three of the soil borings (FSB-4, FSB-7, and FSB-9). 

1.3.1.4 Sediment Samuling 

Four sediment samples were collected at and near Area F during Phase I. One sediment 

sample (FS-6) was collected south of Area F to investigate the potential for additional 

contamination sources near the former chemical manufacturing plant located southwest of 

closed arsenic ponds. Sediment samples (FS-5, FS-8, and FS-9) were collected in the surface 

drainage to the east of Area F to evaluate the potential for contaminant migration due to 

erosion and seepage from the closed arsenic ponds. The sediment samples collected were 

analyzed for VOCs, BNAs, and total metals (Appendix A, Table F-5). Sediment sampling 

logs are included in the RFI. 

1.3.1.4.1 Phase II of the RF1 included collection of five sediment samples (FS-10, FS-11, 

FS-12, FS-13, and FS-15) from natural drainage ditches east and south of Area F. These 

samples were collected to evaluate the extent of impacted sediment due to erosion of wastes 

and soils from Area F. The sediment samples collected were analyzed for PAHs, arsenic, 

mercury, and cadmium (Appendix A). Sediment sampling logs are included in the Phase II 

RF1 (G&M, 1992a). 

1.3.1.5 Surface 

One surface-water sample (SW-F-l) was collected in conjunction with the sediment sample 

(FS-9) during Phase I sampling. The surface-water sample was analyzed for VOCs and total 

metals (Appendix A). The water sampling log is included in the Phase I RFI. No surface 

water samples were collected during the Phase II sampling effort. 

1.3.1.6 Groundwater Sampling 

Phase I 

Seven new monitor wells were installed in November and December 1990 to supplement the 

four existing wells at Area F. The purpose of the monitor wells was to assist in 

characterizing the geology, defining the direction of groundwater flow, and mapping the 

extent of groundwater contamination. 
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1.3.1.6.1 Four overburden wells screened in the water-bearing zone at the base of the 

overburden were installed. Three bedrock wells were also installed, including one in the 

upper bedrock and two in the deeper bedrock. Monitor well construction details for the seven 

newly installed monitor wells and the four previously installed monitor wells are summarized 

in the RFI, as are the field geologic logs and well construction details. The seven new 

monitor wells were installed, developed, and tested in accordance with the RF1 Work Plan 

and as described in the RFI. Two proposed overburden monitor wells were not installed as 

the overburden at the proposed locations was dry at the time of drilling. 

1.3.1.6.2 The four overburden wells (RS257, RS260, RS262, and RS263) were located 

around the study area perimeter to supplement existing wells. These wells were used to assist 

in determining the direction of groundwater flow in the overburden in addition to evaluating 

the areal extent of contamination at Area F. The overburden well (RS263) located south of 

Area F, was installed to investigate the potential for contamination originating near the former 

chemical manufacturing plant. The three bedrock wells (RS256, RS259, and RS261) were 

installed to assist in determining the vertical extent of groundwater contamination and in 

mapping groundwater flow direction in the bedrock. 

1.3.1.6.3 Samples from the seven new monitor wells and from the four existing overburden 

wells were sampled and analyzed for VOCs and total and dissolved metals (Appendix A). All 

wells were sampled between January and February 1991. Water sampling logs are included 

in the RF1 report. 

1.3.1.6.4 Water levels were measured in all of the new and existing wells to assist in 

mapping the groundwater flow directions and gradients in the overburden and bedrock. b 

& permeability tests were conducted in each of the seven new wells in accordance with the 

methods described in the RFI. 

PhaseII 

1.3.1.6.5 One new deep overburden monitor well (RS258) was installed in April 1992 to 

supplement the eleven existing wells at Area F. The purpose of the monitor well was to assist 

in characterizing the geology, defining the direction of groundwater flow, and evaluating the 

concentration of constituents of concern in the deep overburden within Area F. 
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1.3.1.6.6 The overburden well was screened in the water-bearing zone at the base of the 

overburden. Monitor well construction details for RS258, the eleven previously installed 

monitor wells, the field geologic logs, and well construction details for RS258 are 

summarized in the RFI. Monitor well RS258 was installed, developed, and tested in 

accordance with the RPI Work Plan and as described in the Phase II RFI. Water levels were 

measured in all of the new and existing wells to assist in mapping the groundwater flow 

directions and gradients in the overburden and bedrock. In situ permeability tests were 

conducted in the new monitor well in accordance with the methods described in the Phase II 

RFI. 

1.3.1.6.7 Groundwater samples from the new monitor well were collected and analyzed for 

VOCs, PAHs, and total and dissolved metals (Appendix A). In addition, seven existing 

bedrock and overburden wells were sampled and analyzed for PAHs to help determine 

whether or not the PAHs previously detected in the soils have migrated into the groundwater. 

All the monitor wells were sampled in June and July 1992. Water sampling logs are included 

in Phase II RFI. 

1.3.2 AREA G (RSA 48) 

As part of the Phase I and Phase II RFIs, test pits, soils, groundwater, surface water, and 

sediment were sampled at this area. Figure 1.3-3 shows the location of the test pits, 

sediment, and soil samples and Figure 1.3-4 shows the monitor well and surface water 

locations at Area G.* 

1.3.2.1 Test Pits 

During Phase I, three test pits GTP-1, GTP-2, and GTP3 were excavated (Figure 1.3-3). 

The test pits were sited in the former disposal areas based on the geophysical investigations, 

aerial photographs, and study area observations. Test pits were excavated to assist in 

characterizing the wastes disposed of in the landfill. Descriptions of the waste and 

stratigraphy encountered in each test pit in Area G, as well as photographs of test pits, wastes 

and soils samples, are included in Phase I RFI. One to three samples were collected from 

each test pit for chemical analyses of VOCs, BNAs, and total metals (Appendix A). Soil 

sampling logs are included in the RFI. 
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1.3.2.1.1 Air monitoring was conducted in association with the test pit excavation. During 

excavation of the three test pits, air samples were collected and analyzed in the field for 

volatiles using portable gas chromatograph equipment, Field logs for the air monitoring 

conducted at Area G are presented in the RPI. No samples of the test pits were taken in 

Area G during Phase II sampling efforts. 

1.3.2.2 &iJJ&&g 

Based on the results of the geophysical investigations, previous sampling, and study area 

observations, three soil borings (GSB-1, GSB-2, and GSB-3) were drilled to 15 ft-bls and 

sampled in September 1990 (Phase I). The soil borings were located around the perimeter of 

the disposal site of Area G to assist in evaluating the extent of soil contamination associated 

with study area activities at Area G. One soil boring, GSB-2, was located on a presumably 

unimpacted area upgradient of the disposal trenches of Area G. Field geologic logs for soil 

borings drilled in Area G are included in the RFI. Two samples were collected from each 

soil boring for analyses of VOCs, BNAs, and total metals (Appendix A). Soil sampling logs 

are included in the RFI. No soil samples were taken during Phase II sampling efforts. 

1.3.2.3 Sediment Samuling 

Five sediment samples were collected at the study area during Phase I. Two sediment 

samples (GSS-4 and GSS5) were collected from seeps and the drainage ditch located north of 

Area G, and three samples (GSS-6, GSS-7, and GSS-8) were collected from McDonald Creek 

east of Area G. The samples were collected to help evaluate potential contaminant migration 

by erosion of wastes and contaminated soils as well as by leachate directly discharging into 

the creeks. The samples were analyzed for VOCs and total metals (Appendix A). Sediment 

sampling logs are included in the Phase I RFI. No sediment samples were taken during 

Phase II. 

1.3.2.4 Surface Water Samuling 

During Phase I, three surface-water samples (SW-G-3, SW-G-4, and SW-G-S) were collected 

for the analysis of VOCs and total metals as shown in Appendix A). The water sampling logs 

are included in the Phase I RFI. The samples were used in conjunction with the sediment 

samples to help determine water quality of McDonald Creek and the contamination impacts of 

erosion and leachate discharge to the surface waters by the landfill. 
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1.3.2.4.1 Seven surface-water samples (SW-G-411, SW-G-511, SW-G-6, SW-G-7, SW-G-8, 

SW-G-g, and SW-G-lo) were collected in April 1992 (Phase II) for the analysis of VOCs as 

shown in Appendix A. The water sampling logs for each surface water sample are included 

in the Phase II RPI. These samples were used to evaluate the water quality of McDonald 

Creek with respect to VOCs and establish whether or not Area G was the source of the VOCs 

detected in the creek during the Phase I RFI. To meet this objective, two of the surface-water 

samples (SW-G-411 and SW-G-511) were collected at two of the Phase I sampling sites 

(SW-G-4 and SW-G-5) to confirm the presence of trichloroethene as indicated by the Phase I 

RF1 results. The five remaining samples were located along McDonald Creek several 

hundred yards upstream and downstream of the study area, and in the drainage ditch north of 

the study area in an effort to establish background conditions around the study area. 

1.3.2.5 Groundwater Sam&g 

Five new monitor wells were installed in December 1990 (Phase I) to supplement existing 

wells at Area G. The purpose of the monitor wells was to assist in characterizing the 

geology, determining direction of groundwater flow, and mapping the area1 extent of 

groundwater contamination. Monitor well construction details for the five newly installed 

monitor wells and the four previously installed monitor wells, the field geologic logs, and 

well construction details are summarized in the RPI. The five new monitor wells were 

installed, developed, and tested in accordance with the RPI Work Plan and as described in the 

Phase I RPI. 

1.3.2.5.1 Two monitor wells (RS264 and RS267) were screened in a perched water-bearing 

overburden zone, and two wells (RS266 and RS268) were screened in the deeper basal 

portion of the overburden. The overburden wells are located within the disposal area and 

downgradient of Area G. One of the shallow overburden wells (RS264) was installed in a 

perched zone adjacent to an existing deeper overburden well to determine if contamination 

occurs in the perched zone where contamination previously had not been identified in the 

deeper well. One bedrock well (RS265) was installed within the disposal area to assist in 

determining the vertical extent of contamination. 

1.3.2.5.2 Samples from the five new monitor wells and from the four pre-existing 

overburden wells were sampled and analyzed for VOCs and total and dissolved metals 
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(Appendix A). All of the wells were sampled in February 1991. Water sampling logs are 

included in the RFI. 

Water levels were measured in all of the wells to assist in mapping groundwater flow 

directions and gradients in the overburden and in the bedrock. In situ permeability tests were 

conducted on each of the five new wells in accordance with the methods described in the RF1 

as are the geotechnical tests conducted on four formation samples from three boreholes 

associated with the new monitor wells. 

13.3 AREA R (RSA 59) 

The following sections describe the monitoring that took place during Phase I of the 

investigation. No additional sampling was performed in Area R during Phase II. As part of 

the Phase I RFI, test pits, soils, groundwater, surface water, and sediment were sampled at 

this area, Figure 1.3-5 shows the location of the test pits, sediment, and soil samples, 

Figure 1.3-6 shows the monitor well and surface water locations at Area R. 

1.3.3.1 Test Pits 

Three test pits (RTP-1, RTP-2, and RTP3) were excavated during Phase I to assist in 

identifying and characterizing potential contamination sources present within Area R. The 

characteristics of the rubble fill (large concrete slabs) and metal piping necessitated several 

attempts before the backhoe could penetrate between the rubble pieces. The locations of the 

test pits were based on the results of the geophysical surveying, study area observations, and 

access limitations. One sample was collected from each test pit and analyzed for VOCs, 

BNAs, and total metals (Appendix A). Soil/waste sampling logs are included in the RFI. 

1.3.3.1.1 Air monitoring was conducted in association with the test pit excavations. During 

the excavation of all of the test pits, air samples were collected and analyzed in the field for 

volatile organics using a portable gas chromatograph. Field logs for the air monitoring 

conducted at Area R are presented in the RFI. 

1.3.3.2 Shallow Soil Samaling 

Two shallow soil samples (RS-11 and RS-12) were collected west and southwest of Area R. 

The data generated by these samples were used to identify possible additional sources of 
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contamination to characterize the background chemical composition of the soil. Shallow soil 

samples were analyzed for VOCs, BNAs, and total metals (Appendix A). The soil sampling 

logs are included in the RFI. 

l-3,3.3 Soil Borines 

Soil borings were drilled to assist in characterizing soil/waste in Area R and assist in 

determining the extent of soil contamination. The locations of the soil borings were based on 

the results of previous investigations, the geophysical surveying, study area observations, and 

access limitations. One soil boring (RSB-1) was drilled to help identify and characterize 

potential sources of contamination present within Area R. One additional soil boring (RSB-2) 

was positioned in a presumably unimpacted area northwest of Area R. Field geologic logs for 

the soil borings are included in the RFI. Two samples were collected from each soil boring 

and analyzed for VOCs, BNAs, and total metals (Appendix A). The soil sampling logs are 

included in the RFI. 

1.3.3.4 Sediment Samuling 

Four sediment sampling sites were located in creeks and wetlands that border Area R. The 

samples from the drainage ditch to the north of the study area and the wetlands east of the 

study area (RS-7, RS-8, and RS-9) were collected to evaluate the potential for contaminant 

migration to the surface waters by erosion. Sediment samples RS-8 and RS-9 were collected 

at the same location as the two surface-water samples, but prior to the collection of the 

surface-water samples. The sediment sample from the drainage ditch southwest of Area R 

(RS-10) was collected to evaluate erosion impacts. Sediment samples were analyzed for 

VOCs, BNAs, and total metals (Appendix A). The sediment sampling logs are included in 

the RFI. 

1.3.3.5 Surface Water Sampling 

Collection of two surface water samples from the wetlands on the east side of Area R at the 

same locations as two of the sediments was originally proposed. In July 1990, when surface 

water samples were collected from the other RF1 units/areas, the wetlands east of Area R had 

receded and there was no surface water to collect. Surface water samples were collected from 

the east side of Area R in May 1991, after extensive rains resulted in re-encroachment of the 

wetlands and flooding. The data from these samples were used to evaluate contaminant 
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migration from disposal areas to the wetlands via erosion and potentially contaminated 

groundwater. The surface water samples were analyzed for VOCs, BNAs, and total metals 

(Appendix A)- The water sampling logs are included in the RFI. 

1.3.3.6 Monitor Well Installation and Groundwater SamDling 

Three overburden monitor wells (RS293, RS294, and RS295) were installed in December 

1990 at Area R to supplement data from existing overburden wells. Monitor well 
construction details for the three new monitor wells and the three previously installed monitor 

wells, field geologic logs, and well construction details are summarized in the RFI. The three 
wells were installed, developed, and tested in accordance with the RF1 Work Plan and as 

described in the RFI. Four monitor wells were originally proposed for Area R. Access 
limitations, including the concrete rubble and unstable fill, as well as the wetlands, limited 

drilling on the east side of Area R. As a result, two of the proposed wells (RS294 and RS296 

in the RF1 Work Plan) were consolidated into one centrally located well. 

1.3.3.6.1 Groundwater samples from all of the monitor wells were analyzed for VOCs and 

total and dissolved metals. In addition, samples from the new wells were analyzed for BNAs 

(Appendix A). The water sampling logs are included in the RFI. 

1.3.3.6.2 Water levels were measured in all of the new and existing wells to assist in 

mapping groundwater flow directions and gradients in the overburden. In situ permeability 

tests were conducted on each of the four new wells in accordance with the methods described 

in the RFI, as are the geotechnical tests conducted on two formation samples from boreholes 

associated with the monitor wells. 

1.3.4 AREAS SAND T (RSA 55154) 

As part of the Phase I and Phase II RFI, test pits, soils, groundwater, and sediment were 

sampled at this area. Figure 1.3-7 shows the location of the test pits, sediment, and soil 

samples; Figure 1.3-8 shows the monitor well locations at Areas S and T. 

1.3.4.1 Test Pits 

Seven test pits (TTP-1, ‘ITP-2, TI’P-3, and TTP-4 in Area T, and STP-1, STP-2, and STP-3 

in Area S) were excavated in October and November 1990 (Phase I). The purpose of the test 
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pits was to assist in determining the chemical and physical characteristics of the wastes in the 

disposal areas. The test pits were sited in landfill areas based on the results of geophysical 

investigations, study area observations, and aerial photographs from which former disposal 

trenches canbe identified. Descriptions of the waste and stratigraphy encountered in each test 

pit in Areas S and T, together with photographs of test pits, waste, and samples are included 

in the RFI, as are the soil/waste sampling logs. Thirteen soil/waste samples from the test pits 

were analyzed for VOCs, BNAs, total metals, and pesticides (Appendix A). 

1.3.4.1.1 Air monitoring was conducted in association with the test pit excavation. During 

the excavation of all of the test pits, air samples were collected and analyzed in the field for 

volatiles using portable gas chromatograph equipment. During the excavation of test pit 

TTP-4, air samples were collected and analyzed for volatiles, semi-volatiles, and particulates. 

Field logs for the air monitoring conducted at Areas S and T are presented in the RFI. 

1.3.4.2 Shallow Surface Soil Sampling 

A total of four shallow soil samples, TS-3, TS-4, and TS-5 in Area T and SS-3 in Area S, 

were collected in July and August 1990, within and near the disposal trenches of Areas S and 

T. One of the shallow surface soil samples (SS-3) was collected within the apparent former 

disposal area. The remaining three shallow soil samples (TS-3, TS-4, and TS-5) were 

collected west and north of Area T along Martin Road to investigate areas exhibiting high 

organic soil vapor that were not previously suspected of containing source material. The four 

soil samples were analyzed for VOCs, total metals, and pesticides as shown in Appendix A, 

Table S/T-2. Shallow soil sample SS-3 was also analyzed for BNAs. The soil sampling logs 

are included in the RFI. 

1.3.4.3 Soil Boriws 

Phase I 

A total of eight soil borings were drilled and sampled in August 1990. Five soil borings were 

drilled in Area T (TSB-1 through TSB-5) and three were drilled in Area S (SSB-1 through 

SSB-3). Two of the soil borings (TSB-1 and TSB-3) were drilled within apparent former 

waste disposal areas. Four soil borings, TSB-5, SSB-1, SSB-2, and SSB-3, were drilled 

outside the area of former disposal activities to assist in delineating the extent of soil 

contamination. Two soil borings (TSB-2 and TSB4), one west of Area T and one southeast 
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of Area T, were drilled to investigate areas exhibiting high organic soil vapor that were not 

previously suspected of containing source material Field geologic logs for soil borings 

drilled in Areas S and T are included in the RFI. 

1.3.4.3.1 Two soil samples, one shallow (0 to 2 ft-bls) and one deep (10 to 15 ft-bls) were 

collected from each boring for laboratory analysis. Soil sampling logs are included in the 

RFI. The samples from the soil borings were analyzed for VOCs, BNAs, total metals, and 

pesticides (Appendix A). 

Phase II 

1.3.4.3.2 Two soil borings were drilled and sampled in April 1992 for the Phase II RFI. 

Both soil borings (TSB-6 and TSB-7) were drilled at the north end of Area T to confirm the 

northernmost extent of disposal trenches. 

l-3.4.3.3 Two soil samples, one shallow (2 to 4 ft-bls) and one deep (14 to 16 ft-bls) were 

collected from each boring for laboratory analysis. Soil sampling logs are included in the 

Phase II RFI. The samples from the soil borings were analyzed for VOCs, PAHs, and 

organochlorine pesticides (Appendix A). 

l-3.4.4 Groundwater 

Phase I 

Fifteen new monitor wells were installed in October and November 1990 to supplement 

existing wells at Areas S and T. The purpose of the monitor wells was to assist in 

characterizing the geology, defining the direction of groundwater flow, and mapping the 

extent of groundwater contamination. 

1.3.4.4.1 Eleven overburden wells were installed including four shallow overburden wells 

screened in the perched water-bearing zone of the overburden, and seven deep overburden 

wells screened in the water-bearing zone at the base of the overburden. The shallower 

perched zone wells were installed only where drilling revealed the existence of a perched 

zone. A total of four bedrock wells were installed, including two bedrock wells at locations 

where existing overburden wells previously showed contamination. Monitor well construction 

details for the 15 newly installed monitor wells and the 14 previously installed monitor wells, 
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the field geologic logs, and well construction details are summarized in the RFI. The ten new 

monitor wells were installed, developed, and tested in accordance with the RF1 Work Plan 

and as described in the RFI. 

1.3.4.4.2 Two shallow overburden monitor wells (RS297 and RS303), screened in the 

uppermost water-bearing zone of the overburden, three deep overburden monitor wells 

(RS298, RS299, and RS305), screened in the basal overburden, and three bedrock monitor 

wells (RS300, RS301, and RS302), screened in the limestone bedrock, were installed north of 

Fowler Road (Area T). The data from these and existing wells were used to help establish 

the lateral extent of contamination as well as the direction of groundwater flow in the northern 

section of Areas S and T. One shallow overburden monitor well (RS309), two deep 

overburden monitor wells (RS308 and RS310), and one bedrock monitor well (RS31 l), 

screened as described previously, were installed around the south perimeter of Areas S and T 

south of Fowler Road. The data from these wells and existing wells were used to establish 

the groundwater flow direction in the southern part of the study area, establish the areal extent 

of groundwater contamination in the shallow and deep overburden, as well as evaluate the 

vertical extent of contamination near the study area perimeter. A single shallow overburden 

monitor well (RS306), located south of Fowler Road in the center of Areas S and T, was 

installed to provide data to estimate the highest levels of contamination in the shallow 

overburden beneath this area of the landfill. Two deep overburden monitor wells (RS312 and 

RS313) installed to the southeast of Areas S and T, provided data concerning the direction of 

groundwater flow in the overburden as well as establish the area1 extent of the contamination 

previously detected in monitor wells RS038 and RS039. * 

1.3.4.4.3 The fifteen new monitor wells and the fourteen existing monitor wells were 

sampled and analyzed for the parameters included in Appendix A. With the exception of 

RS311, sampled in February 1991, all of the wells were sampled in December 1990. The 

water sampling logs are included in Attachment III of the QCSR. The eight newly installed 

monitor wells (RS297, RS298, RS299, RS300, RS301, RS302, RS303, and RS305) and ten 

existing monitor wells (RSO34, RS035, RS036, RS36A, RS037, RS165, RS200, RS202, 

RS203, and RS223) located to the north of Fowler Road were sampled and analyzed for 

VOCs, total metals, and dissolved metals. In addition, samples collected from monitor wells 

near former DDT burial sites, including overburden monitor wells and RS034, RS035, 
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RS036, RS036A, RS165, RS223, and RS303, were analyzed for pesticides. The seven newly 

installed monitor wells (RS306, RS308, RS309, RS310, RS311, RS312, and RS313) and the 

four existing overburden monitor wells (RSO38, RS039, RS166, and RS201) south of Fowler 

Road were sampled for VOCs, total metals, and dissolved metals. Monitor wells near former 

DDT burial sites, including monitor wells RS038, RS039, RS306, and RS309, were also 

analyzed for pesticides. 

1.3.4.4.4 Water levels were measured in all of the new and existing wells to assist in 

mapping groundwater flow directions and gradients in the shallow and deep overburden and in 

the shallow and deep bedrock. In situ permeability tests were conducted on each of the 

fifteen new wells in accordance with the methods described in the RF1 report, which also 

provided methods for the geotechnical tests conducted on ten samples from seven of the 

fifteen boreholes associated with the monitor wells. 

Phase II 

1.3.4.4.5 Four new overburden monitor wells (RS304, RS307, RS384, and RS385) were 

installed in May and July 1992 for the Phase II RF1 to supplement existing wells at Areas S 

and T. The purpose of the monitor wells was to assist in characterizing the geology, defining 

the direction of groundwater flow, and to further delineate the extent of groundwater 

contamination in the perched and basal overburden west of Areas S and T. 

1.3.4.4.6 The overburden wells included two shallow overburden wells screened in the 

perched water-bearing zone of the overburden (RS384 and RS385), and two deeper 

overburden wells screened in the water-bearing zone at the base of the overburden (RS304 

and RS307). Monitor well construction details for the four newly installed monitor wells and 

the 29 previously installed monitor wells are summarized in the RF1 as are the field geologic 

logs and well construction details. The four new monitor wells were installed, developed, 

sampled, and tested in accordance with the RF1 Work Plan and as recommended in the 

Phase I RFI. 

1.X4.4.7 The four new monitor wells were sampled and analyzed for VOCs (Appendix A). 

Ten existing wells (RS306, RS310, RS037, RS036A, RS036, RS034, RS309, RS308, RS035, 

RS303) were also sampled and analyzed for PAHs. These wells were sampled to help 
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determine whether or not the PAHs detected in the soils/wastes had migrated to groundwater 

in the overburden. 

1.3.4.4.8 In addition to completing the contamination assessment, the Phase II field 

investigation presented an opportunity to collect readily obtainable data that may be needed 

for the development of corrective measures. During the Phase II field investigations, two 

composite groundwater samples were prepared in the field. One from monitor wells RS036A 

and RS039, and a second from RS201 and RS305. Each of the two composite samples were 

analyzed for conventional water-quality parameters including total suspended solids, total 

dissolved solids, total hardness, calcium hardness, S-day bio-chemical oxygen demand 

(BOD,), chemical oxygen demand (COD), alkalinity, total organic carbon, chloride, sulfate, 

iron, manganese, magnesium, sodium, potassium, and calcium. 

1.3.4.4.9 Water levels were measured in all of the new and existing wells to assist in 

establishing groundwater flow directions and gradients in the shallow and deep overburden 

and in the shallow and deep bedrock. Geotechnical tests were conducted on four samples 

from two of the four boreholes associated with the monitor wells installed during Phase II. 

In situ permeability tests were conducted on each of the four new wells in accordance with the 

methods described in the Phase II RPI. 

1.4 REPORT ORGANIZATION 

1.4.1 DESCRIPTION OF BRA PROCESS 

Typically, BRAS conducted at Superfund sites are complex, involving extensive data 

evaluation and multiple exposure pathway analysis at the site. The BRA process consists of 

the following primary components: 

1. Hazard identification/selection of chemicals of potential concern (COPCs), 

2. Exposure assessment, 

3. Toxicity assessment, 

4. Risk characterization, and 

5. Development of remedial goal objectives. 

1.4.1.1 The BRA is conducted based on the EPA manual, Risk Assessment Guidance for 

Superfund (RAGS), Volume I, Part A, Human Health Evaluation Manual (EPA, 1989a); EPA 
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Region IV; and published supplements to this manual as well as relevant EPA and EPA 

Region IV guidance regarding exposure and toxicity assessments. The ecological impacts are 

evaluated based on RAGS, Volume II, Environmental Evaluation Manual (EPA, 1989b); 

Ecological Assessment of Hazardous Waste Sites (EPA, 1989c); EC0 Updates (issued 

intermittently by EPA to supplement RAGS) as well as relevant EPA guidance on exposure 

and toxicity assessments. 

1 

1.4.1.2 BRAS begin with an introduction to the study area, also known as a site 

characterization, which presents an overview of historical information and site monitoring data 

to gain an understanding of the history of the operations and dynamics of the study area and 

surrounding environment (Section 1.0). This information is used to develop a conceptual site 

model. Hazard Identification involves the evaluation of the site monitoring data to ascertain 

which chemicals are site related and should be evaluated further in the BRA to assess potential 

human health and ecological impacts (Section 2.0). The exposure assessment for the five 

study areas was conducted to estimate the magnitude, frequency, and pathways of actual 

and/or potential exposures to human and ecological receptor populations (Section 3.0). Fate 

and transport of the study area related chemicals at the five areas is evaluated and included as 

part of Section 3.0. Section 4.0, toxicity assessment, summarizes the potential health and 

ecological impacts and the dose-response information for the COPCs identified at the study 

area. The last step of a BRA, risk characterization (Section S.O), integrates the information 

obtained in the exposure and toxicity assessment sections to provide an estimate of health risk 

to human and ecological receptor populations. The results of the risk characterization are 

used to identify which contaminants and environmental media need to be addressed in the 

feasibility study (FS), thus, Section 6.0 provides a summary of the preliminary remedial 

cleanup goals developed to serve as remedial action objectives to be considered in the FS. A 

summary of each BRA component is presented in Section 7.0, along with the uncertainties 

inherent in the BRA. 

1.4.2 CONCEPTUAL SITE MODEL FOR BRA 1 

Based on a review of the study area operations and history, as well as a preliminary 

evaluation of the site monitoring data, a conceptual site model was prepared for each of the 

five areas addressed in this BRA (see Figures 1.4-l through 1.4-4). Due to the close 

proximity of Areas S and T, these two areas are presented in one CSM. The models provide 
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a graphical representation of the environmental concerns for each area. The model shows the 
\ ./ environmental systems and the biological, physical, and chemical processes (i.e., chemical 

release mechanisms) that determine the transport of contaminants from sources (i.e., primary 

and secondary sources) at each study area to potential receptors within the system. 

1.4.2.1 The primary contaminant sources of each area are the locations where contaminants 

were disposed (i.e., pond or landfill), the secondary sources are environmental media that 

have received contamination from the primary source (i.e., underlying groundwater). 

Contaminant release mechanisms are processes that may affect the fate and transport of 

contaminants (i.e., volatilization or leaching from soil); and potential exposure pathways to 

receptors is the method by which a human or ecological receptor may come into contact with 

a contaminant (i.e., fish exposed to groundwater contaminants as a result of groundwater 

discharge to surface water; or a worker exposed to soils as a result of incidental direct contact 

with soil during work activities). The conceptual site model serves as the foundation from 

which to generate the BRA, which further evaluates this information in a quantitative manner. 
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2.0 HAZARD IDENTlFICATIONl 
IDENTIFICATION OF COPCs 

COPCs are the study area-related chemicals that may pose the most critical health concerns to 

human health and/or environmental receptors. According to EPA methods for Superfund risk 

assessments (EPA, 1989a), if adequate computing facilities are not available, analytical data 

1 
may be screened to limit the number of chemicals that are carried through the risk assessment 

process to those that are study area related and pose the most significant health concern. This 

screening uses chemical classes, frequency of detection, essential nutrient information, and a 

concentration-toxicity screen to reduce the number of COPCs. Such a screening would 

normally result in a list of COPCs that is limited to contaminants at a study area believed to 

be the most toxic to humans and/or biota, most mobile, and/or most frequently detected. 

However, this screening method is often no longer necessary due to the ability to include all 

relevant constituents in the risk assessment process through the use of automated data 

management systems. Instead of limiting the number of chemicals that undergo complete 

evaluation to those that are most likely to be toxic or harmful, computers enable the risk 

assessor to completely evaluate all pertinent data. Since EPA (1989a) recommends that 

COPCs not be further reduced if sufficient computing facilities are available, the only data 
\ 

I screening that was performed for this BRA was the elimination of contaminants that 

apparently are not study area related (laboratory contaminants were eliminated), and 

contaminants that were not detected at levels significantly above background. 

2.0.1 To understand the process by which COPCs for this BRA were determined, the data 

collection and evaluation procedures will be discussed in general terms before the analytical 

data are presented and discussed. The analytical results, presented in tabular form, are 

followed by a discussion of the nature and extent of contamination at each area, and a 

comparison of soil concentrations versus background levels. 

2.1 GENERAL DATA COLLECTION CONSIDERATIONS 

The source of all data to be used in this BRA is the data set presented in the RF1 reports 

(G&M, 1991a; 1992a). According to the HEA presented in the RF1 reports (G&M, 1991a; 

1992a), data evaluation was carried out in accordance with EPA guidance (EPA, 1989). To 

most effectively use available resources, the data collected during the Rl?I efforts are the data 

upon which this BRA is based. The summarized and compiled data from the RF1 reports 
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were directly incorporated into the calculations found in this BRA. The discussion of which 

parameters were considered during the initial sampling efforts can be found in the G&M 1991 

and 1992 RF1 reports. 

2.1.1 The available data include surface soil, subsurface soil, groundwater, surface water, 

and sediment analytical results and are presented in Appendix A. The summarized data 

compiled for Areas F (RSA 49), G (RSA 48), R (RSA 59), and S/T (RSA 55 and 54) are 

presented in Apppendix A. 

2.2 GENERAL DATA EVALUATION CONSIDERATIONS 

Steps that must be taken during the data evaluation process include the evaluation of analytical 

methods; the determination of data quality with respect to sample quantitation limits, 

qualifiers, codes and blanks, including quality assurance/quality ‘control (QA/QC) methods; 

and the evaluation of tentatively identified compounds (TICS). Data evaluation also includes 

study area-specific data considerations to include comparing potential study area-related 

contamination with study area background concentrations; and reviewing historical 

information and onsite data collection results to identify study area-related chemicals. 

2.2.1 FLAGGED DATA 

Although a chemical may be detected, its quantitative concentration value may be uncertain 

for several reasons. These reasons are discussed in the QA/QC methods for evaluating 

analytical results, and the specific data points that are affected are denoted by a flagging code 

(G&M, 1991a, 1992a). The type of flagging code used is based on the nature of the 

uncertainty. Flagging codes for the analytical results are also described in the QA/QC report 

(G&M, 1991a, 1992a) and are also presented in the data summary table (Appendix A). The 

flagging code identified throughout the data set for this BRA is the flagging code “J.” This 

flagging code is the most commonly encountered data qualifier in Super-fund data packages 

(EPA, 1989), and indicates a qualitative value is presented because the value is below 

laboratory reporting limits but above the instrument detection limit. A J value indicates 

uncertainty in the reported concentration but not in its assigned identity. Thus, based on EPA 

Region IV and EPA region-wide guidance, the J-qualified data should be used the same way 

as positive data that do not have this qualifier to ensure that a study area-related chemical is 

not overlooked. Use of J values ensures that potential exposures are conservatively addressed 
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to ensure the protection of public health. A sununary of the J-qualified data is presented in 

Tables 2.2-l through 2.24 for Areas F, G, R, and S/T, respectively. 

2.2.2 BLANK CONTAMINATION 

According to RAGS (EPA, 1989a), to prevent inclusion of nonstudy-area-related contaminants 

in the risk assessment, the concentrations of chemicals detected in blanks must be compared 

with concentrations of the same chemicals detected in study area samples. According to the 

data evaluation presented in the RF1 (G&M, 1992a), constituents that were classified as 

undetected due to contamination in laboratory or field blanks [i.e., acetone, methylene 

chloride and bis(2-ethylhexyl)phthalatel were included in the HEA because the levels detected 

in study area samples were similar to those levels detected in the blanks. 

2.2.2.1 Typically, if the study area sample concentration exceeds ten times the maximum 

amount detected in any blank, the study area concentration should be considered a positive 

result (EPA, 1989a). Otherwise the sample value should be evaluated as if the reported level 

was less than the level reported for the blank. However, to provide a conservative estimate of 

the risk associated with the constituents associated with laboratory contamination, the 

concentrations used in the HEA are equal to the qualified value. Based on a review of the 

data and history information, common laboratory contaminants such as acetone, methylene 

chloride, and bis(24hylhexyl)phthalate could be associated with the study area and were 

identified in most media sampled at all study areas. Thus, as with the HEA, to ensure the 

protection of human and ecological health, the common laboratory contaminants were 

included in the BRA risk characterization process. In the event the study area risks are driven 

by potential laboratory contaminants, the risks will be re-evaluated to account for the 

introduction of laboratory contaminants in study area samples. 

2.2.3 BACKGROUND LEVELS 

The presence of inorganics in onsite samples may or may not be associated with study area 

activities. To determine if inorganics are associated with study area activities, the onsite 

concentrations are compared to inorganic concentrations detected offsite near the installation. 

The concentrations of inorganics detected offsite are referred to as background concentrations. 

EPA Region IV guidance recommends that maximum onsite concentrations be compared with 

two times the average background concentrations. However, only ranges of background 
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concentrations were presented in the RFI (G&M, 1991). As a result, average onsite 

concentrations were compared with two times the maximum background concentrations. 

Thus, EPA Region IV’s guidance was applied based on the data presented in the RFI. 

Section 2.4.2 discusses the potential impacts of not being able to use average background 

concentrations in this comparison. 

2.2.3.1 Study area-specific background samples were collected at RSA (G&M, 1991) and 

were used to compare against concentrations of inorganics detected at each of the five study 

areas. Information on background chemicals may also be obtained from other sources such as 

the EPA Hazardous Waste Land Treatment Guidance (EPA, 1983). 

2.2.3.2 If the COPCs are present in background samples, the origin of the COPCs and 

whether they are naturally occurring or anthropogenic should be established. Anthropogenic 

chemicals should not be eliminated from the risk analysis. If the study area-related levels of 

inorganic chemicals are similar to the naturahy occurring levels, they are eliminated from 

quantitative risk analysis. To determine whether the inorganics present are study area related 

or are representative of background concentrations, the average study area-specific 

background concentrations are compared to the average concentrations of inorganics detected 

in soil at each study area. According to EPA Region IV guidance, inorganics should be 

included as COPCs if they are detected at concentrations significantly above background 

samples (the criteria for determining significance should generally be two times the 

background concentration) (EPA, 1991). 

2.3 STUDY-AREA-SPECIFIC RESULTS 

The following sections present a summary of the data evaluation for each study area to 

include a description of the specific constituents and the general nature and extent of the 

contamination that was detected at each of the five areas. Following these discussions the 

levels of inorganic contaminants that were detected in soils are compared to background soil 

levels for that area. 
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2.3.1 AREA F @sA 49) 

2.3.1.1 Samuliny Results 

A variety of constituents were detected in the teat pit, shallow surface soil, subsurface soil, 

sediment, surface water, and groundwater samples collected within and near the former 

i Area F arsenic ponds. Selected media from Area F were collected for analysis of BNAs, 

VOCs, and metals. Appendix A summarizes the analytical results from Phase I and Phase II 

field investigations. Table 2.2-l presents a summary of the J-qualified data. A J value 

indicates uncertainty in the reported concentration, but not in its assigned identity. Thus, 

inclusion of the results are important in risk characterization to ensure the protection of 

human and environmental health. 

2.3.1.2 Nature and Extent of Contamination 

Potential sources of contamination at Area F (RSA 49) include the closed arsenic waste ponds 

and the media at the location of the former lewisite manufacturing plant previously located 

south of the ponds. The principal constituents found at Area F were metals (arsenic, 

cadmium, and mercury) and PAHs in the soils; and arsenic, mercury, and chlorinated 

hydrocarbons (primarily carbon tetrachloride) in the groundwater. A summary of the nature 

and extent of the contamination is presented in the following paragraphs, focusing on the 

principal constituents that were detected in study area media and the overall horizontal and 

vertical extent of the contamination. 

Soil Contamination 

2.3.1.2.1 Soils in Area F (RSA 49) were sampled during both Phase I and II of the RF1 

investigation. The majority of the impacted soils at Area F appear to be within the closed 

disposal ponds. To a lesser extent, soils and sediments containing arsenic and PAHs have 

been detected south of Area F, which is north of the former lewisite manufacturing plant. 

PAHs appear to be restricted to very shallow soils (less than 5 ft-bls) and sediment at selected 

study areas within and outside Area F. The PAHs are likely related to the rubble and 

construction debris that were disposed of in the ponds (asphalt and roofing materials, for 

example). The highest concentrations of arsenic occur in soils and waste within the former 

disposal ponds at depths that are generally less than 10 ft-bls. At depths greater than 10 ft, 

relatively clean native soils, with lower levels of arsenic, were found. The dense clays in the 

native soils apparently have prevented the migration of significant quantities of arsenic 
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through the soils. Boring and sediment samples from the Phase I and Phase II field 
: ,; 

investigations taken from areas outside of the study area boundary generally contained levels 

of arsenic within the range for natural soils. Exceptions to this finding were FSB-3 and some 

/ of the sediments in ditches south of Area F that had elevated levels of arsenic. 

2.3.1.2.2 Based on both the chemical data and field observations, the vertical extent of 

significantly impacted soils/waste appears to be restricted to soils from 0 to 11 ft-bls. 

Construction debris and a grey-white clayey material characteristic of arsenic-contaminated 

wastes were detected in several of the test pits. Native soils were generally encountered 

below 11 ft. The chemical data support the field observations that were made during Phase I 

and Phase II of the RFI. 

2.3.1.2.3 The horizontal extent of impacted soils appears to be limited to the area within the 

boundary of Area F, and sediients contained in the drainage pathways located south of 

Area F. The elevated arsenic levels south of the study ares boundary may be attributed to 

runoff or may indicate contamination related to the former lewisite manufacturing plant 

located south of Area F. 

Groundwater Contamination 

2.3.1.2.4 Sampling data indicate that groundwater is impacted by significant concentrations 
P 

of mercury in the immediate vicinity of RS258 and that migration of substantial quantities of 

the metal has not occurred. In addition, the reduction in concentration from the total to the 

dissolved results suggest that the majority of the metal is bound to the soils and not available 

for transport. 

2.3.1.2.5 The remaining groundwater data indicate that arsenic and chlorinated hydrocarbons 

were the most widely distributed constituents of concern at Area F. During Phase I and II, 

the most significant concentrations of these constituents in the groundwater occurred in the 

center and south of Area F. Monitor well RSO52 (35 ft deep), located north of the closed 

ponds, is the only well installed in a shallow (perched) aquifer. Arsenic was detected at a 

concentration of 57 micrograms per liter &g/L) in this shallow well during one sampling 

event. 
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2.3.1.2.6 Several groundwater samples were collected during Phase II for analysis of PAHs 

to determine whether or not PAHs, which had been detected at significant concentrations in 

the soil during Phase I field investigations, had migrated to the groundwater. No PAHs were 

detected in the groundwater sampled from Area F. 

2.3.1.2.7 Regional groundwater flow direction in the deep overburden (approximately 40 to 

60 ft-bls) is southerly toward the Tennessee River. Groundwater direction flow maps for 

Area F are not present in the RFI. The highest concentrations of arsenic and chlorinated 

hydrocarbons (‘primariljr carbon tetrachloride) were reported in samples from wells installed 

south of the closed disposal ponds of Area F. The highest dissolved arsenic level was 

detected at RS263 (99.8 pg/L). Elevated concentr&ons of arsenic (68 clg/L) were also 

detected in a well installed in the center of the closed ponds. The RF1 reported that the extent 

of contamination in the deep overburden appears to be defined on the east, southwest, and 

west by low levels of dissolved arsenic. The same pattern exists for the chlorinated 

hydrocarbons (primarily carbon tetrachloride). 

2.3.1.2.8 Groundwater contamination in the upper bedrock was found south, but not north of 

the study area. Arsenic contamination in well RS261 may result from leakage from the deep 

overburden as there does not appear to be a confining unit between the deep overburden and 

the upper bedrock. No constituents of concern were detected in groundwater samples 

collected from the deep bedrock monitor well at RS259 (134 ft deep) installed in the center of 

the Area F disposal ponds. 

Surface Water Contamination 

2.3.1.2.9 Surface water sample SW-F-l, collected during Phase I field investigations, was 

free from the constituents for which the sample was analyzed and that appear to be associated 

with the study area. 

2.3.1.3 Soil Concentrations Versus Backwound Levels 

Phase I 

Subsurface soil samples that were collected Tom the deep part of the soil borings from 

Area F showed relatively low levels of metals. Table 2.3-l presents the ranges expected for 

natural soils (EPA, 1983) and the background for RSA, as well as the average concentrations 
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of metals detected in soil/waste, surface soil, and subsurface soil samples. The average 

concentration of arsenic, cadmium, and mercury in the soil/waste and shallow samples was 

more than twice the concentration observed in either the range for natural soils and/or RSA 

background soils; therefore, these three inorganics are included for further soil risk analysis 

for Area F. 

Phase II 

2.3.1.3.1 Waste analyses results indicate that arsenic,, cadmium, and mercury were well 

above the range expected for natural soils and background soils at RSA. The results of the 

subsurface analysis indicate that arsenic and mercury exceed the range expected for natural 

soils and background soils at RSA. Phase II soil results confirm that arsenic, cadmium, and 

mercury must be further evaluated in the risk characterization of soils at Area F. 

2.3.2 AREA G (RSA 48) 

2.3.2.1 Sampliny Results 

A variety of constituents were detected in the wastes, surface soil, subsurface soil, sediment, 

surface water, and groundwater samples collected within and near the former landfill and 

rubble fill of Area G. Selected media were sampled for analysis of BNAs, VOCs, and metals 

during the Phase I RFI, but only surface water was sampled as part of the Phase II RF1 at this 

area. Appendix A summarizes the analytical results from the Phase I and Phase II field 

investigations. A summary of the J-qualified values is presented in Table 2.2-2. 

2.3.2.2 Nature and Extent of Contamination 

The potential sources of contamination associated with Area G are the disposal trenches where 

construction debris and sanitary wastes were disposed of. The principal constituents found at 

Area G were PAHs in the soil and trichloroethene in the surface water. The following 

discussion of the nature and extent of soils and groundwater contamination at Area G have 

been excerpted from the Phase I RPI Report (G&M, 1992a), as no new sampling in these 

media was conducted during Phase II. The discussion of the nature and extent of surface 

water contamination is based on the results of both the Phase I and Phase II investigations. 
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2.3.2.2.1 A summary of the nature and extent of the contamination is presented in the 

following paragraphs, focusing on the principal constituents that were detected in study area 

media and the overall horizontal and vertical extent of the contamination. 

Soil and Sediment Contamination 

2.3.2.2.2 Detectable levels of PAH concentrations in the soil sampled in September and 

October 1990, occur exclusively within the test pits located within the boundaries of Area G. 

Outside the boundaries, all soil borings were free of PAHs. Sediment samples taken outside 

the boundaries were not analyzed for PAHs. Although low levels of metals were detected in 

sediment, the samples were free of VOCs (except for laboratory artifacts). The overall nature 

of the soil contamination at Area ,G is similar to that expected for a sanitary landfill and is not 

indicative or representative of substantial chemical/hazardous waste disposal. 

2.3.2.2.3 The vertical and horizontal extent of solid debris in the landfill area has been 

characterized. Solid debris was encountered to depths of 8 to 12 ft-bls within the boundaries 

of Area G. All soil borings and monitor wells installed outside the limits of Area G 

encountered only native soils to their total depths. The areal extent of solid waste is outlined 

by the boundary of Area G, except for the southwestern edge. No debris was encountered 

during the installation of monitor well RSl 11, and the .topography indicates that the 

southwestern limit of solid waste probably exists between RSlll and test pits GTP-1 and 

GTP-3. 

Groundwater Contamination 

2.3.2.2.4 Groundwater flow has been divided into the following three zones at Area G: 

(1) the shallow overburden (perched), (2) the deep overburden, and (3) the bedrock. 

Groundwater direction flow maps for Area G are not available in the RPI. One well (RS265) 

was installed in the upper bedrock to a depth of 85 ft-bls. Three wells (RS112, RS264, and 

RS267) were installed in localized perched zones and may share a hydraulic connection. The 

remaining wells were installed in the deep overburden where groundwater flow direction 

appears to be east-northeast toward McDonald Creek. 

2.3.2.2.5 Acetone was the only VOC detected in groundwater at Area G. Sampling efforts 

indicated that arsenic, barium, cadmium, chromium, and lead are present in groundwater. 
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Several of the total metal concentrations in the unfiltered groundwater samples exceeded 

MCLs. 

Surface Water Contamination 

2.3.2.2.6 Low levels of metals including barium, lead, and mercury were detected in surface 

water adjacent to Area G. However, lead and mercury levels do not appear to be site related 

because samples upstream from the site had detections of lead and mercury, but samples 

downstream from the site were below detection and surface soils at the site were within 

background levels for lead and mercury. In addition, the area is not prone to flooding, so 

there is no release mechanism for lead and mercury. Trichloroethene is considered to be the 

primary constituent of concern in this medium since it was detected in all five of the surface 

water sampling locations in McDonald Creek on the eastern edge of the Area G landfill. Two 

of the surface water samples containing trichloroethene were collected from locations 

upstream of Area G. In addition, the trichloroethene is inconsistent with the general 

contamination found onsite (l?AHs in the soils, no trichloroethene contamination in the 

groundwater). It is unlikely that Area G is the source for the trichloroethene. A source,of 

trichloroethene contamination upstream (north) of Area G is likely impacting the water quality 

in McDonald Creek. 

2.3.2.3 Soil Concentrations Versus Backwound Levels 

Metals analyses indicated low levels of inorganics in soil/waste samples. As presented in 

Table 2.3-2, the average concentrations of metals in the soil/waste, surface soil, and 

i subsurface soil samples were within the range expected for natural soils (EPA, 1983) and the 

background soils for RSA. Based on this comparison, inorg*anics were not included as 

COPCs in soil for Area G. 

2.3.3 AREA k (RSA 59) 

2.3.3.1 SamDlinp Resulti 

Sampling in Area R (RSA 59) was only conducted during Phase I. A variety of constituents 

were detected in the surface soil, subsurface soil, sediment, surface water, and groundwater 

samples collected within and near the rubble fill of Area R. Selected media were sampled for 

analysis of BNAs, VOCs, and metals. Appendix A summarizes the analytical results from 
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Phase I and Phase II field investigations. A summary of the J-qualified values is presented in 

Table 2.2-3. 

233.2 Nature and &tent of Contamination 

The potential sources of contamination for Area R include: (1) the construction debris/rubble/ 

industrial landfill into which a variety of undocumented industrial waste was disposed; and 

(2) past discharges from the former chlorine plant adjacent to Area R. The principal 

constituents of concern found at Area R were PAHs in the soils and chlorinated hydrocarbons 

in the ground and surface waters. The following discussion has been excerpted from the 

Phase I RF1 Report (G&M, 1992a). No sampling was done at Area R during Phase II 

investigations. 

2.3.3.2.1 A summary of the nature and extent of the contamination is presented in the 

following paragraphs, focusing on the principal constituents that were detected in study area 

media and the overall horizontal and vertical extent of the contamination. 

Soil Contamination 

2.3.3.2.2 Low levels of several metals (arsenic, barium, chromium, lead, mercury, and 

selenium) were detected in shallow and subsurface soil samples. PAHs were detected in 

shallow soil samples, sediment samples, and the shallow portions of the soil borings and test 

pits. The highest levels occurred in the shallow sample from soil boring RSB-1 [16,270 

micrograms per kilogram @g/kg)] and sediment samples RS-7 (7,400 pg/kg) and RS-9 

(1,820 pg/kg). The overall nature of the soil contamination at Area R was found to be 

similar to that expected for ordinary rubble, asphalt, and construction debris. 

2.3.3.2.3 The horizontal extent of solid debris in the landfill can be observed visually, but 

was also defined by geophysical survey, soil borings, and test pits. Borings at locations 

within the boundary lines all encountered construction debris and rubble fill. The vertical 

extent of solid debris in the landtill area was also defined by the soil borings and test pits. 

Solid wastes were generally found no deeper than 3 to 6 ft-bls, and the horizontal limits 

appear to agree with the boundary of Area R. 
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2.3.3.2’.4 All of the sites where PAHs were detected were located within or immediately 

adjacent to the landfill. Sampling results indicate that PM ,~ntamination is limited to the 

landfill and that the PAHs have not migrated to the underlying native soils. 

Groundwater Contamination 

2.3.3.2.5 Monitor wells were installed exclusively in the deep overburden at Area R. The 

thickness of the overburden is inconsistent, varying from approximately 17 ft-bls at RS222 to 

49 ft-bls at RS221. The groundwater flow direction appears to trend toward the wetlands east 

of the study area. The RF1 does not have groundwater direction flow maps for Area R. 

2.3.3.2.6 Arsenic, barium, cadmium, chromium, and lead were detected in groundwater at 

Area R. Several of the total metal concentrations exceeded established MCLs, although 

dissolved metal concentrations did not exceed individual MCLs. Low-level chlorinated 

hydrocarbon contamination was detected randomly in the groundwater in February 1991. 

Chloroform was detected southeast of Area R and is presumably upgradient of Area R. The 

chloroform could be a consequence of past discharges of sodium hypochlorite from the former 

chlorine plant adjacent to Area R followed by reaction of the hypochlorite with natural 

organic compounds to produce chloroform. None of the PAHs detected in the soil/waste 

samples from the soil borings, teat pits, and sediment samples were detected in the 

groundwater samples. 

Surface Water Contamination 

2.3.3.2.7 Of the two surface-water samples collected at Area R, only samples from SW-R-2, 

located east and downgradient of Area R operations, contained constituents of concern 

(primarily chloroform at 8 pg/L). Neither surface water sample contained detectable PAHs. 

Several inorganics detected at low levels included arsenic, barium, and silver. Because silver 

was detected only once and was not detected in any waste, soil, or groundwater samples, 

silver was excluded from further analysis as it does not appear to be site related. 

2.3.3.3 Soil Concentrations Versus Backpround Levelg 

Metals analyses indicated low levels of arsenic, barium, chromium, lead, mercury, and 

selenium (Table 2.3-3). The average concentrations of metals detected in waste, surface soil, 

and subsurface soil samples were generally within the range expected for natural soils and 
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RSA background soils. Because the average concentrations of inorganics detected at Area R 

are less than twice the background concentrations, inorganics in soil were not included for 

further evaluation in the risk analysis of soils at Area R. 

2.3.4 AREAS S AND T (RSA 55 AND 541 

2.3.4.1 SamDliw Results 

A variety of constituents were detected in the test pit, shallow surface soil, subsurface soil, 

and groundwater samples collected within and near the former sanitary and industrial landfill 

disposal sites of Areas S and T. Selected media were sampled for analysis of BNAs, WCs, 

metals, and pesticides. Appendix A summarizes the analytical results from the Phase I and 

Phase II field investigations. A summary of the J-qualified values is presented in Table 2.24. 

23.4.2 Nature and Extent of Contamination 

The apparent source of contamination at Areas S and T is the network of closed disposal 

trenches. The principal constituents found at Areas S and T are PAWS, chlorobenzene, and 

acetone in the soils; and PAHs, chlorobenzene, and other chlorinated hydrocarbons in the 

groundwater. The most significant concentrations of PAHs, chlorobenzene, and DDT are 

found in the soils in the region defining the area of closed disposal trenches in both Areas S 

and T. The most significant concentrations of chlorobenzene and other chlorinated 

hydrocarbons in the groundwater appear to concentrate in the southwestern quarter of Area T. 

PAHs in the groundwater were restricted to monitor wells within and immediately adjacent to 

the disposal trenches in Areas S and T. 

2.3.4.2.1 A summary of the nature and extent of the contamination is presented in the 

following paragraphs, focusing on the principal constituents that were detected in study area 

media and the overall horizontal and vertical extent of the contamination. 

Soil Contamination 

2.3.4.2.2 The only organ& detected in soil include pesticides and organics that are suspected 

laboratory contaminants. Numerous samples were reported to contain detectable levels of the 

chlorinated pesticide 4,4’-DDT and/or its degradation products 4,4’-DDE and 4,4’-DDD. 

Although the majority of the positive results indicate the presence of trace levels of 
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constituents, samples from soil boring TSB-4 located in the southeast corner of Area T 

’ contained substantially elevated levels of 4,4’-DDT. 

2.3.4.2.3 The only BNAs and VOCs detected in the deep soil boring samples were common 

laboratory contaminants bis(2-ethylhexyl)phthalate, acetone, and methylene chloride. Two of 

the eight deep soil boring samples collected from Areas S and T contained 4,4’-DDT and/or 

its metabolites. Another organochlorine pesticide detected was alpha-BHC. Though barium 

and chromium were found in all deep soil boring samples collected from Areas S and T, the 

concentrations were only slightly elevated. Traces of arsenic, and lead were detected in 

individual samples. No PAHs, chlorobenzene, or pesticides were detected in samples from the 

soil borings collected north of the area, thereby defining both the extent of the disposal 

trenches and the lateral extent of contamination north of the disposal trenches. 

Groundwater Contamination 

2.3.4.2.4 Four water-bearing zones have been defined at Areas S and T; the shallow 

overburden (perched), the deep overburden (basal), the upper bedrock, and the deep bedrock. 

Previous investigations did not indicate groundwater contamination in the upper bedrock in 

Areas S and T with one exception, well RS203. For the most part, the upper bedrock is 

competent, and acts more as an aquitard than as a means for groundwater migration. 

Groundwater flow directions in the shallow overburden zone, deep overburden zone, and deep 

bedrock zone for Area S/T (RSA W54) are shown in RF1 Figures IX-5, IX-6, and IX-7, 

respectively. 

2.3.4.2.5 Groundwater flow in the perched zone is north-northeast near Area T and south- 

southwest near Area S. VOC contamination in this zone appears concentrated in the 

southwest quarter of Area T as reflected in concentrations of 3,000 pg/L chlorobenzene at 

well RS037. Diminishing concentrations of chlorobenzene are found along the lines of 

northward groundwater flow. The extent of contamination is defined by the relative absence 

of constituents detected to the north in shallow overburden wells RS297 and RS200, to the 

east in wells RS223 and RS038, to the south in wells RS309 and RS039, and to the west in 

RS385 and RS384. 
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2.3.4.2.6 Groundwater in the deep overburden flows northwest in the northern section of the 

study area and northeast in the southern portion of Areas S and T. Contamination in this 

zone is derived primarily from vertical leakage of chlorobenzene from the trenches in the 

southwest comer of Areas S and T. The highest contamination concentrations derived from 

this source are reflected in chlorobenzene concentrations and other chlorinated hydrocarbons 

found at wells RS201 (100 clg/L total chlorinated hydrocarbon) and RS308 (285 pg/L total 

chlorinated hydrocarbon), and in lower concentrations downgradient at RSO36A (87 fig/L 

chlorobenxene). The chlorobenzene plume is defined by the absence of concentrations to the 

north in wells RS298, RS202, RS165, and RS299, to the southeast at well RS312, to the 

south at well RS166, and to the west at wells RS304 and RS305. The total chlorinated 

hydrocarbon plume is generally similar to the chlorobenzene plume,. except that it extends 

southeast and southwest at nominal levels in wells RS313 (13 pg/L) and RS307 (13 pg/L). 

2.3.4.2.7 Groundwater flow in the deep bedrock zone during Phase II was north. No 

significant contamination was detected in this water zone that typically was encountered 

between 460 and 470 feet above mean sea level (ft-amsl) (130 and 150 ft-bls). Well RS311, 

drilled to 250 Et-bls, did not encounter a significant water bearing unit and was left as an open 

hole in bedrock without a discrete-screened interval. Subsequently, the 33 pg/L of total 

chlorinated hydrocarbons detected in the sample may be due to downward leakage of 

contaminants from the deep overburden into the upper portions of the bedrock near this well. 

2.3.4.3 Soil Concentrations Versus Backmound Levels 

Except for silver detected in waste samples, the average concentrations of metals in shallow 

soil and subsurface soil samples were within the range expected for natural soils (EPA, 1983) 

and the background for RSA (Table 2.34). Because silver was detected at concentrations 

higher than twice the background concentrations, silver was included for further risk analysis 

of soils at Areas S and T. Additional soil sampling was conducted as part of the Phase II 

sampling activities at Areas S and T; however, these samples were not analyzed for metals. 

While elevated levels of lead were detected in test pit samples [i.e., 548 milligrams per 

kilogram (mg/kg) in TIP-1A; 648 mg/kg in TIP-lB], the average concentration was within 

two times background for surface soil. To ensure protection of human health as a result of 

potential impacts of subsurface soil to groundwater, lead was considered a COPC for 

groundwater risk characterization. Although exposure to subsurface soil and buried waste is 
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an incomplete exposure pathway, lead has been selected as a COPC in soil for this site, based 

on its presence in other media (groundwater and sediment). 

2.4. GENERAL DATA UNCERTAINTY 

As with most NPL sites, the data used for this BRA were collected over time and by different 

contractors using different QA/QC procedures. This accounts for the variation in the 

analytical methods used and detection limits reported. Only Level 3 data [U.S. Army Toxic 

and Hazardous Materials Agency (USATHAMA), 19921 was used in performing this risk 

assessment. The potential uncertainty is reduced by using automated methods for statistical 

analysis of the data. The air sampling collected during test pit excavations were included for 

evaluation of potential inhalation exposure to vapors. The uncertainty associated with the 

vapors released during the excavations is high, as the field screening measurements are not 

compound specific. Further discussion of the uncertainty is presented in Section 5.0. 

2.4.1 While blank contamination may result in inclusion of nonstudy-area-related 

contaminants in’the risk assessment, the concentrations of chemicals detected in blanks were 

included in the BRA as many of the blank contaminants could be related to the study area and 

their inclusion provides a conservative estimate of the risk associated with those constituents. 

2.4.2 Although average background inorganic concentrations in soil were not available for 

comparison since the data were adopted from the RF1 (G&M, 1991), the deviation from EPA 

Region IV’s recommended use should not greatly impact the outcome of this analysis. Since 

a majority of the inorganics were COPCs for groundwater at all five areas (Table 2.5-l), 

these inorganics were carried through the risk assessment by groundwater although most 

inorganics were not COPCs for soil. 

2.5 SUMMARY OF COPCg 

According to BAGS (EPA, 1989) quantitative evaluation of all available data is 

recommended; however, for study areas with a large number of potential COPCs, an optional 

process to shorten the list of COPCs can be performed. However, due to the availability of 

an automated data management system, all the chemicals, except for those that are 

representative of background conditions or are associated with common laboratory 
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contaminants, are processed through the quantitative risk evaluation for the BRA. A 

summary list of the COPCs for this BRA are presented in Table 2.5-l. 
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Table 2.51. Summary of COPCs at Areas P, G, R, and S/T 

cadmium 
Chromium 

Mercury 
Selenium 

Benzene 
Carbon tetrachloride 
Chlorobemene 
Chloroform 
DichloroeIhane, l,l- 
Dichloroethane, 1,2- 
Dichloroethenes, 1,2-,total 
Ethylbenzene 
Methylene chloride 
Tetracbloroethene 
Toluene 
Trichloroethane, l,l,l- 

* Includes one or more of the following: acenaphthene; anthracene; be@a)anthracene; benzo(a)pyrene; benzo(b)fluoranthene; bemm(g,h,i)perykne; chrysene; 
dibenz(a,h)anthracene; fluorauthene; fluorene; indeno(l,2,3-cd)pyrene; naphthalene; phenanthrenq pyrene 

Source: ESE. 
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3.0 EXPOSURE ASSESSMENT 

Exposure is defined as the contact of an organism with a chemical or a physical agent. The 

exposure assessment is the determination or estimation of the magnitude, frequency, duration, 

and exposure route. An exposure assessment provides a systematic analysis of the potential 

exposure mechanism by which a receptor may be exposed to chemical or physical agents at or 

originating from a study area. The objectives of an exposure assessment are as follows: 

1. Characterization of exposure setting, 

2. Identification of potential exposure pathways, and 

3 e Quantification of exposure. 

3.0.1 Factors influencing the contaminant migration were also considered during exposure 

pathway assessment. 

3.1 CHARACTERIZATION OF EXPO!XJRE SETTING 

This section discusses the study area physical conditions as well as potential human and 

ecological populations in relation to the nature and extent of contamination described earlier in 

Section 2.3. This evaluation will provide insight for assessment of the fate and transport of 

COPCs so that exposure pathways can be identified. 

3.1.1 PHYSICAL SETTING 

3.1.1.1 Climate 

The climate at RSA is mild and temperate with an average annual temperature of 62 degrees 

Fahrenheit (“I?). The summer temperature averages 77°F and the average winter temperature 

is 47°F. The mean annual snowfall is 3 inches and the mean annual rainfall is 48 inches. 

Total monthly precipitation is usually highest in March (5.6 inches) and lowest in October 

(2.7 inches) (see Table 3. l-l). Moderately dry conditions generally prevail throughout 

autumn. 

3.1.1.1.1 The amount of precipitation at RSA was unusually high during the Phase I RF1 

field investigations, particularly during groundwater sampling activities. Total monthly 

precipitation from December 1990 through May 1991 averaged 9.7 inches. 
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3.1.1.1.2 Floods are common from mid-December to mid-April, although extensive flooding 

is infrequent. The loo-year flood level of the Tennessee River is at an elevation of 

572.5 ft-msl. With the exception of Area G (RSA 48), the remaining four areas are outside 

the loo-year floodplain. 

3.1.1.2 Topographv 

RSA is diverse in topography and vegetation. Elevations range from bottomlands at 

approximately 560 ft-msl to mountains higher than 1,200 ft. According to the 1988 RSA 

forest inventory, 15,665 acres are covered in forest. The figure is divided into approximately 

6,200 acres of pine, 8,300 acres of hard wood, 60 acres of mixed pine-hardwood, 440 acres 

of cedar, and 600 acres of tupelo gum swamps. Tennessee Valley Authority (TVA) land and 

Wheeler Refuge land inside arsenal boundaries is not included in these figures [U.S. Army 

Missile Command (MICOM) 19921. 

3.1.1.2.1 The boundary between the Cumberland Plateau section of the Appalachian Plateau 

physiographic province and the Highland Rim section of the Interior Low Plateau 

physiographic province is in central Madison County. RSA is within the Highland Rim 

province. The topography of RSA is gently rolling and generally slopes from north to south 

toward the Tennessee River. Topographically high areas are Weeden and Madkin Mountains. 

Topographically low areas include valleys and flood plains of the Tennessee River and its 

tributaries. 

3.1.1.3 Regional Geolo~v 

Overburden residual soils and the Tuscumbia Limestone (bedrock) underlie most of the area. 

The residual soil overburden, derived from the limestone, typically consists of sandy clay and 

clay with chert and weathered limestone fragments (Unit 1 and Areas F, G, 43, Q4, R, and S 

and T). Generally, chert and limestone fragments are more abundant near the base of the 

overburden. Alluvial deposits compose the overburden near the Tennessee River (Unit 2 and 

Areas Xl and Z). 

3.1.1.3.1 The Tuscumbia Limestone has an average thickness of 150 ft and consists of gray, 

massive, fossiliferous limestone with interbedded cherty layers. The limestone is karstic, 

containing enlarged openings that have developed along joints, fractures, bedding planes, and 
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faults. Dissolution of limestone has formed caves and cavities, contributing to the formation 

of sinkholes and depressions in the land surface. 

3.1.1.3.2 The Tuscumbia Limestone is successively underlain by the Fort Payne Chert, the 

Chattanooga Shale, and older geologic units. The Fort Payne Chert is 155 to 18.5 ft thick and 

consists of gray, cherty limestone. The Chattanooga Shale is about 10 ft thick and consists of 

dark gray to black shale. 

3.1.1.4 Surface Hvdroloev 

The Tennessee River, which marks the southern boundary of RSA, flows west. Huntsville 

Spring Branch, McDonald Creek, and Indian Creek are major tributaries that flow generally 

southward, discharging to the Tennessee River. Approximately 90 percent of the drainage 

passes through Wheeler Reservoir, located in the central and southwest portion of RSA, 

before entering the Tennessee River. Wetlands are associated with the creeks and tributaries 

as well as the Tennessee River (see Section 3.1.1*6). 

. 

3.1.1.5 Groundwater Hydrolom 

Principal hydrogeologic units include the overburden, Tuscumbia Limestone, Fort Payne 

Chert, and Chattanooga Shale. The Tuscumbia Limestone and the Fort Payne Chert together 

make up the primary aquifer in the area. In most areas, water in the limestone aquifer occurs 

under confined conditions with the overburden, in part, as well as the Chattanooga Shale, 

acting as confining units. The majority of water in the limestone aquifer is stored and 

transmitted through openings along bedding planes, fractures, and solution-enlarged cavities 

which are more common in the upper 100 ft of the limestone. In many areas, the top of the 

limestone is highly weathered and appears hydraulically connected to the overlying basal 

3 overburden. 

: 
3.1.1.5.1 Water-bearing units in the overburden consist of laterally discontinuous clayey sand 

lenses that occur as perched water zones in the upper portions of the overburden. The lower 

part of the overburden, which exhibits either abundant fragments of chert and limestone, or 

alluvial deposits of sand and gravel near the Tennessee River, is typically the most permeable 

zone in the overburden. Depending on the location, groundwater in the deeper overburden 

zones may occur under either unconfined or confined conditions. The deeper overburden 
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zones appear hydraulically connected with the top of limestone, but the overall relationship 

between water-bearing units in the overburden and the bedrock is complex and varies with 

location. 

3.1.1.5.2 The groundwater flow rate in each of the zones varies with the hydraulic 

conductivity and hydraulic gradient. 

3.1.1.5.3 Hydraulic conductivities in the sandy clay and chert rubble zone of the basal 

overburden in the central part of RSA (Unit 1 and Areas F, G, 43, 44, R, and S/T) vary 

with the amounts of sand, clay, chert, and limestone fragments. Hydraulic conductivities in 

this zone range from 1.1 x 10” to 3.5 x 106 centimeters per second (cm/set). Using this 

range in hydraulic conductivities, a typical hydraulic gradient of 0.007, and an estimated 

effective porosity of 0.3, the groundwater flow velocity in the basal overburden rubble zone is 

calculated to range from 0.1 to 265 feet per year @t/year). 

3.1.1.5.4 Hydraulic conductivities in the perched overburden are also dependent on the 

amounts of sandy clay and clay. Conductivities are typically lower, however, than in the 

basal overburden, ranging from 5.1 x lo3 to 1.0 x 1CP cm/set. Because the perched zones 

are typically discrete units, establishing gradients and flow rates is diffmult. 

3.1.1.5.6 The hydraulic conductivity of the alluvial overburden on the south side of the 

facility (Unit 2 and Areas Xl and Z) is dependent on the amounts of sand, clay, and gravel 

present. Hydraulic conductivities for this zone range from 1,3 x 10V2 to 2.8 x 10T5 cm/set. 

Using this range in hydraulic conductivities, a typical hydraulic gradient of 0.007, and an 

estimated effective porosity of 0.3, the groundwater flow velocity in the alluvial overburden is 

calculated to range from less than 1 to more than 300 ft/year. 

3.1.1.5.7 The hydraulic conductivities in the limestone vary greatly and depend on the 

presence of fractures and solution features. Where the limestone is “tight” and has no such 

features, the hydrauhc conductivity is small (10e6 cm/set). Where fractures and solution 

features are present, hydraulic conductivities can be very high (10-l cm/set). Using these 

ranges in hydraulic conductivities, a typical hydraulic gradient of 0.004, and an estimated 
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effective porosity of 0.3, the groundwater flow velocity in the bedrock limestone can be 

expected to range from 0.01 to 1,409 II&. 

3.1.1.6 Vwetation and Habitat 

Most vegetation on RSA consists of trees and native or seeded grass cover. Wetlands on RSA 

occur in the form of beaver ponds, sloughs, marshes, tupelo swamps, backwater, and 

overflow hardwood bottomlands (MICOM, 1992). Approximately 1,250 acres in the southern 

half of the reservation are under water. This area is identified as a part of the Wheeler 

Reservoir. An additional 14,560 acres are classified as being in the lOO-year flood zone. 

The mountain area consists of approximately 2,800 acres. Appendix H provides the fauna 

and flora survey that was conducted by qualified personnel as part of the RSA National 

Resources Management Plan (NRMP) in Jtme 1992. 

3.1.1.6.1 Hay and pastureland cover 5,117 acres. Rights-of-way, test areas, training areas, 

old field situations (abandoned open areas) in various stages of plant succession, and 

developed areas provide further diversity. Creeks, sloughs, and ponds are scattered 

throughout the arsenal. These various habitats have the potential for great diversity in 

wildlife species (MICOM, 1992). A description of the forest types found at RSA are 

described in the following paragraphs. 
. 

3.1.1.6.2 There are three types of forests at RSA including the upland, floodplain, and 

bottomland swamp forests (USACE, 1986). The upland forests are primarily dry throughout 

the year, but the floodplain and bottomland swamp are inundated with water at regular 

intervals. The floodplain and bottomland swamp forests are differentiated by frequency and 

depth of inundation. The swamp forest is flooded up to a 2-e depth for several months at a 

time. This induces the characteristic buttressing of the bases of swampland trees. The 

floodplain forest is usually flooded only at times of stormwater surges. Since floodplain 

topography is not uniform, gradations between these two extremes exist. 

3.1.1.6.3 The bottomland hardwood swamp was found to be the least diverse vegetative 

association at RSA. No ground cover was observed under the 12- to 18-inch-deep black, 

standing water. Although a good habitat for some aquatic organisms and birds, this 

association does not offer much useable habitat for terrestrial animals. 
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3.1.1.6.4 The floodplain forest is drier than the bottomland swamp for longer periods of time 

during the year. This combination of wet and dry conditions is suitable for certain types of 

both terrestrial and aquatic vegetation, resulting in a diverse forest community. The 

floodplain forest was the most diverse type of forest found at RSA (ESE, 1993). This 

vegetative diversity provides prime habitat for many different terrestrial and avian species. 

The lack of a continuous cover of water, however, would restrict permanent residence by 

many of the aquatic species. 

3.1.1.6.5 In addition to bottomland swamp and floodplain forests, there are three types of 

upland forest associations encountered at RSA: planted pine forest, mixed pine and deciduous 

hardwood forest, and deciduous hardwood forest, The mixed forest generally occurs on 

higher ground relative to the deciduous forest, which sometimes exists between a floodplain 

forest and a mixed forest. Planted pines occur also on the higher ground. Each of these have 

varying degrees of value to wildlife, but many wildlife species make use of all the different 

forest types. All three associations are scattered throughout RSA. 

3.1.1.6.6 Planted pine forests probably have the lowest tree species diversity of the upland 

forests at RSA. Where the planted pine forest approaches maturity, the canopy coverage 

approaches 100 percent, which, coupled with the very acidic nature of fallen needles, 

precludes all but a few other species from surviving. The younger forests provide moderate 

wildlife habitat, and the more mature pine plantations maintain lower wildlife potential. 

3.1.1.6.7 The mixed pine and deciduous hardwood forest has a much higher diversity than 

the planted pine forest and is somewhat drier than the deciduous hardwood forest. The mixed 

forest usually has a more open canopy, resulting in more shrub and ground cover. This is 

excellent wildlife habitat, providing mast-producing trees, fruit-producing vines, and cover for 

roosting or nesting. 

3.1.1.6.8 RSA is located on the north bank of the Tennessee River about 46 miles above 

Wheeler Dam and 17 miles downstream of Guntersville Dam. RSA encompasses 38,235 

acres, of which approximately 10,400 acres are affected by high stages of the Tennessee 

River and other tributary streams. Huntsville Spring Branch, with a drainage area of 86 

square miles (mi”), flows south through the City of Huntsville and enters the northeast corner 
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of RSA. From this point, the stream flows southwest to join Indian Creek, a tributary of the 

Tennessee River. Indian Creek, which enters the western edge of RSA, drains an area of 

143 mi2 and joins the Tennessee River at mile 321. The normal pool of Wheeler Lake at 

elevation 556 backs into the reservation to form permanent pools having areas of 680 and 

575 acres, respectively, at the lower end of these streams. Within the installation boundaries, 

Indian Creek drains approximately 12,000 acres; McDonald Creek, a short tributary of the 

Huntsville Spring Branch, drains approximately 6,000 acres; and Huntsville Spring Branch 

drains approximately 5,000 acres. The southern portion of the reservation drains directly into 

the Tennessee River through smaller channels. Approximately 2,000 acres, located south of 

Madkin Mountain, drain into a low area with appropriate drainage outlets constructed as a 

result of the construction of Fowler Road. Slope exposures are variable with the overall 

exposure to the south. 

3.1.2 POTENTIALLY EXPOSED HUMAN POPULATIONS 

3.1.2.1 Democraphv of Huntsville, Alabama 

Based on available information and the ESE site visit, a number of points exist at RSA where 

human receptors may potentially come into contact with the chemicals released as a result of 

activities at Areas F, G, R, and S/T. Potential receptors were identified by considering the 

types of chemicals released, accessibility to the study area, the physical characteristics of the 

study area that may affect chemical migration, demographics, and current and expected land 

uses at or near the installation. 

3.1.2.1.1 The city of Huntsville, Alabama, is a major metropolitan area that surrounds RSA 

on the east, north, and portions of the west. The population of the city is 159,789, and the 

population of all of Madison County (which includes Huntsville) is 233,912. Huntsville 

encompasses approximately 154 mi* of the total 806 mi* comprising Madison County. The 

area surrounding RSA is predominantly urban and densely populated with a large industrial 

base. Huntsville was originally a textile center in the late 18OOs, and large amounts of cotton 

were grown in the surrounding areas. With the location of RSA in Huntsville in 1941, the 

city emerged as a leading science and technology center. Since 1950, the population of 

Huntsville has increased from 15,400 to nearly 160,000. With the exception of a growing 

number of industrial parks, the areas outside the Huntsville city limits are rural and have a 

highly agricultural employment base (Advanced Sciences, Inc., 1992). 
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3.1.2.1.2 As reported by Advanced Sciences (1992), the Huntsville school system has 

26 elementary schools, 9 middle schools, and 5 high schools with a student population of 

more than 25,000. The Madison County school system provides additional education 

resources for more than 12,000 students. Fifty-five private and parochial schools and 

kindergartens and more than 14 vocational-technical schools are located in the area, and 4 

colleges/universities also serve the area. Because of the proximity of RSA to Huntsville, 

many of these educational facilities are located near RSA for the convenience of RSA 

employees and employees at nearby industrial parks. 

3.1.2.2 Current RSA Land Use 

The majority of the land at RSA (85 percent) is either forest or open land, including land 

outleased for agriculture. Approximately 10 percent of the land has already been developed, 

and the remaining 5 percent is either covered by water or brush. The land that has already 

been developed is used for research and development facilities, administrative buildings, 

storage facilities, family and troop housing, and community facilities (credit union, hospital, 

fire station, libraries, etc.) All of the 10,233 acres of outleased agricultural land have been 

classified by the U.S. Department of Agriculture’s (USDA) Soil Conservation Service (SCS) 

as being prime farmland or lands of state importance (Advanced Sciences, 1992). Prime 

farmland is defined as the most productive agriculturally, with the fewest impacts and adverse 

environmental effects. The ownership of RSA is divided as follows: 

U.S. Army 

Permitted to MSFC 

Government-owned/contractor-operated 
(GOCO) to Thiokol Corporation 

Total U.S. Army owned 

Wheeler National Wildlife Refuge (WNWR) 

1,826 acres 

1, 172 acres 

3 1,245 acres 

Permitted to U.S. Army 

Tennessee Valley Authority (TVA) 

Permitted to U.S. Army 

4,085 acres 

2,905 acres 

Total Land on RSA 38,235 acres 
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3.1.2.2.1 The five study areas discussed in this BRA are closed or abandoned disposal sites. 

The study areas are all heavily vegetated and are used for containment of waste or 

contaminated materials. 

3.1.2.2.2 Outside the boundaries of RSA, much of the adjacent area is metropolitan with 

single-and multi-family residential, shopping, and industrialized areas. Because the City of 

Huntsville borders RSA on three sides, the more rural areas are those that border RSA to the 

southwest and southeast and across the Tennessee River to the south (Advanced Sciences, 

1992). In these areas, as well as a few of the other outlying areas of Madison County, 

agriculture (e.g., soybeans, cotton, livestock) remains an economic mainstay. 

3.1.2.3 Potential Alternate Future Useq 

Future uses of RSA are anticipated to be the same as the current use (industrial), because the 

Army does not have plans to change the overall current mission of RSA. The Army has no 

plans to develop or use the five study areas under discussion for any purpose. These areas of 

abandoned or closed landfills will remain unused for the foreseeable future. 

3.1.2.3.1 B&d on the planning constraints and physical features of RSA, an analysis of the 

buildable areas was conducted (MICQM, 1992). Buildable areas are those where proposed 

major facilities with concentrations of personnel can be located. All land within one or more 

of the areas in the following list was considered unbuildable (MICOM, 1992). 

1. Steep slopes (20 percent or more); 

Flood plains (lOO-year floodline); 

Explosive clearance zones; 

Test areas; 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Contaminated areas (i.e., toxic substance manufacturing, munitions drop areas, 

demolition areas, mustard gas or lewisite dumping and/or storage, DDT dumping 

areas, arseqic ponds); 

Sanitary landfill areas (past and current); 

Airfield clear zones; and 

Potential airfield accident zones. 
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3.1.2.3.2 These development constraints indicate that only about 30 percent of the more than 

38,000 acres at the installation are buildable (MICOM, 1992). 

3.1.2.4 RSA and Citv of Huntsville Groundwater Use 

Local municipal water supplies rely on groundwater and surface water resources from wells, 

springs, and surface waters ‘that surround RSA near the installation boundaries (G&M, 1992). 

Figure 3. l-l provides the locations of the withdrawal points of these water resources. 

Specific data for springs, wells, and surface water resources in and around RSA are provided 

in Table 3.1-2. Water resource withdrawal points labeled on Figure 3-l. 1, and described in 

the following text, refer to the identification numbers on this table. 

3.1.2.4.1 There are a number of private wells located east and west of RSA and to the south, 

across the Tennessee River (see Figure 3. l-l and Table 3.1-2). The City of Huntsville is 

supplied by four wells upgradient of RSA and by two plants drawing from Wheeler 

Reservoir. 

1. 

2. 

3. 

4. 

5. 

As shown in Table 3.1-3, the four wells include the following: 

Brahan Spring at Huntsville (Location 2 on Table 3 e 1-2)--Natural spring with 

well casings set below the surface of spring intake. Services approximately 

60,000 customers, in network with other water sources, for potable water supply 

in Huntsville. 

Well X-44 (Location 12 on Table 3.1-2)--Well is used, in network, to supply 

potable water for approximately 60,000 customers in the City of Huntsville. 

Well P-68 (Location 18 on Table 3.1-2)--Well is used, in network, to supply 

potable water for approximately 60,000 customers in the City of Huntsville. 

Well Q-79 (Location 23 on Table 3.1-2)--Well is used, in network, to supply 

potable water for approximately 60,000 customers in the City of Huntsville. 

Lincoln/Dallas wells (Location 39 on Table 3.1-2)--Wells used to supply, in 

network with other sources, potable water for approximately 60,000 customers in 

the City of Huntsville. 

3.1.2.4.2 In addition to the four well or well clusters providing potable water to the City of 

Huntsville, there are two surface water intakes that also supply potable water. As shown in 

Table 3.1-2, the surface water intakes for the City of Huntsville include: 
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1. 

2. 

East Huntsville Water Treatment Plant--Raw water treatment facility for the City 

of Huntsville. In network with other sources, provides potable water to 

approximately 60,000 customers in the City of Huntsville. Water intake is 

directly from the Tennessee River. 

West Huntsville Treatment Plant--Raw water treatment facility for the City of ’ 

Huntsville. In network with other sources, provides potable water to 

approximately 60,000 customers in the City of Huntsville. Water intake is 

directly from the Tennessee River. 

3.1.2.4.3 In the past, RSA was supplied potable water from three wells including the well at 

the Visitor’s Center, one on Martin Road near Test Area 6, and one near Building 6103 at 

Test Area 3, north of Martin Road, and east of Anderson Road. These three wells, however, 

are no longer in service, as the source of drinking water on RSA is the Tennessee River, 

which is treated at two water treatment plants. As shown in Table 3.1-2, the surface water 

intakes for RSA include: 

1. 

2. 

Water Treatment Plant 1 (WTPl)--Raw water treatment facility for RSA. Has 

separate units for treatment of potable and industrial water. In network with 

WTP3, provides potable water for approximately 14,000 customers on RSA. 

Water intake is directly from the Tennessee River. 

Water Treatment Plant 3 (WTP3)--Raw water treatment facility for RSA. This 

plant receives partially treated (clarified) water from the industrial water 

distribution system supplied by WTPl, via a pipeline. In network with WTPl, 

provides potable water to approximately 14,000 customers on RSA. 

3.1.2.4.4 Future use of groundwater resources for potable supplies is not anticipated, since 

the Tennessee River provides the area with a much more accessible high-quality alternative 

source. 

3.1.2.5 RSA Surface Water Use 

The main water source at RSA is the Tennessee River, which forms Wheeler Reservoir, 

located at the southern boundary of RSA. Two segregated systems provide potable and 

industrial water to RSA developed areas. Raw water is obtained from Wheeler Reservoir at 

two locations and is treated for domestic and industrial purposes. One treatment plant 
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produces industrial and potable water. Another produces only industrial water, while the 

third plant produces potable water from water obtained from the industrial distribution system. 

3.1.2.6 Citv of Madison Groundwater Use 

The Nolan Drake Well (Location 40) produces 4,500,000 gallons per day of pre-treated raw 

water for the City of Madison municipal water system. The well is set into a spring located 

upgradient of RSA. 

3.1.2.7 SubuoDulations of Potential Concern 

Human receptors of primary interest at the five areas evaluated in this BRA include current 

workers (persons working adjacent to or maintaining the grounds near the study areas), 

potential future workers (persons conducting activities associated with the mission of RSA), 

and recreational users of the study areas and associated surface waters. Recreational users of 

the study areas may use the grounds for hunting and the surface waters for fishing (i.e., 

McDonald Creek adjacent to Area G). 

3.1.2.7.1 RSA and residents near RSA are supplied with potable drinking water through 

surface water intakes in the Tennessee River. In addition, three groundwater production wells 

at RSA are used for industrial purposes only. Several residential wells located along the 

western and southern borders of RSA could potentially be affected by contaminant migration 

from RSA. However, it is not possible to trace groundwater contaminants to a particular 

disposal area on RSA because many of the landfill units contain similar types of waste. The 

only potential exposure associated with groundwater at the study area is a future worker 

exposure, which assumes a worker uses groundwater at the study area for potable purposes. 

3.1.2.7.2 Because this BRA addresses only 5 of more than 200 areas of concern at RSA, 

risks associated with consumption of offsite groundwater cannot be addressed until all 

potential onsite source areas have been characterized. 

3.1.2.7.3 In addition, although some of the landfills have been transected during installation 

of pipes or utility lines, future construction workers are not considered a subpopulation of 

potential concern. RSA is designated as an NPL site, and as such, any construction or 

excavation activities in known or suspected contaminated areas would be performed by OSHA 
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hazardous-waste-trained personnel. Due to the personal protective equipment required during 

excavation activities in contaminated areas (i.e., chemical-resistant gloves and suits, 

respirators), none of the typical exposure pathways (oral, dermal, and inhalation exposure to 

soils and inhalation of vapors) would be complete. Therefore, future construction workers 

would not be a subpopulation of potential concern. 

3.1.3 POTENTMLLY EXPOSED ECOLOGICAL POPULATIONS 

3.1.3.1 Proximitv of Ecolopical Receptors with Res-pect to Studv Areas 

The five study areas under discussion in this BRA are heavily vegetated with unrestricted 

access for wildlife. Each area is either surrounded by a forest stand or has a forest stand 

directly on top the area (Area S). The numbers and types of wildlife near or on the study 

areas have not been determined, but signs of wildlife are abundant at or adjacent to all of the 

areas. 

3.1.3.1.1 An appreciation for the types of wildlife present at RSA can be gained through the 

analysis of habitats and community structures found at the study areas. The following 

sections describe the habitats and communities that have been documented at RSA. After the 

communities are defined, subpopulations of potential concern and a final list of representative 

species that were evaluated further in this BRA are presented. 

3.1.3.2 Aquatic and Terrestrial Habitats 

Aquatic 

Of the five study areas discussed in this BRA, the only potentially exposed aquatic habitats 

are intermittent streams at Area F, surface water bodies adjacent to Area G, and wetland 

systems next to Area R. Although the surface water of Ares F is intermittent, it was included 

for risk evaluation. The most significant aquatic communities are in McDonald Creek, which 

is adjacent to Area G. The surface water in the wetland system adjacent to Area R appeared 

to be very shallow at the time of the ESE visit (May and June 1994). 

Terrestrial - Upland 

3.1.3.2.1 Areas F, G, and R were all overgrown with thick brush and high grasses. These 

vegetative conditions provide wildlife with suitable cover, but do not provide abundant food 

supplies. The forests surrounding each of the study areas would be suitable habitat for many 
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types of wildlife, but the type of habitat directly on these study areas suggests that only small 

mammals may live within the study area boundaries 

3.1.3.2.2 Area S is an upland forest with abundant cover and suitable food supplies for many 

species of wildlife. Area T is an open field with high grass and is directly adjacent to a 

heavily industrialized area. Although an upland forest borders Area T on the north and west 

perimeter, the study area itself is likely to only provide habitat for small mammals in the high 

grass. The ground was marshy in places, a poor habitat for nesting birds. The grass in 

Area T appears to be maintained occasionally, which would also indicate that animal 

communities would not use this study area as prime habitat. 

3.1.3.2.3 The upland forested areas in Area S and surrounding Areas F, G, R, and T include 

deciduous hardwood forest, mixed pine and hardwood forest, and pine plantations. Each of 

these have varying degrees of value to wildlife, but many wildlife species make use of all the 

different forest types. 

3.1.3.2.4 The deciduous hardwood forest is excellent wildlife habitat due to the diversity of 

mast-producing tree species. Members of the oak family found here probably produce more 

edible biomass for a greater number of wildlife species than any other type of vegetation. 

Acorns, twigs, buds, and bark produced by the oaks are used by a variety of avian and 

mammal species. The inhabitants of this forest type include deer, turkey, fox, gray squirrel, 

and numerous woodland birds. 

3.1.3.2.5 Signs of deer, raccoon, and wild birds were observed during the ESE site visit 

(May and June 1994). Signs of wildlife were particularly abundant in the area adjacent to 

Ares G. Animal tracks were observed at the edge of McDonald Creek (in the hardwood 

forest next to Area G). Wild berries were also observed directly outside the east side of the 

Area G perimeter fence. Berry patches such as these serve as attractant food sources for 

many types of wildlife. 

3.1.3.2.6 The mixed pine and hardwood forests (Area F, R, and T perimeters) may exhibit a 

lower rate of mast production than the deciduous hardwood forest, but the open canopy allows 

for a more pronounced growth of berry-producing vines, shrubs, and trees which are also 
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widely used by wildlife species. In addition to this excellent trophic support of wildlife, these 

forests provide much cover needed for nesting and resting. 

3.1.3.2.7 The pine plantations are the least diverse of the forest types. Older plantations 

have a low potential for wildlife support due to a scant understory of blackberry and bracken 

fern, which provide suboptimal food and cover. Younger plantations, however, are somewhat 

more diverse and have a more dense understory yielding a moderate value to wildlife. 

Wetlands 

3.1.3.2.8 Wetlands on RSA occur in the form of beaver ponds, sloughs, marshes, tupelo 

swamps, backwater, and overflow hardwood bottomlands. Wetlands were once considered 

wastelands, but are now known to serve many valuable functions. Among these, wetlands 

filter excess nutrients and reduce sedimentation, which helps to maintain the quality of 

downgradient water systems. Wetlands help to keep erosion under control and promote 

groundwater storage. They also provide critical habitat for many species of fish and wildlife. 

Of the five areas discussed in this BRA, the most significant wetland is the system located 

adjacent to Area R. 

Caves and Water-Filled Void Spaces 

3.1.3.2.9 Two caves that are not in Areas F, G, R, or S/T have been identified at RSA: 

Mathews Cave and Ravine, which is on the northwest border of RSA (USACE, 1992); and 

Bobcat Cave, which is 3 miles north of the confluence of Indian Creek and Huntsville Spring 

Branch (USACE, 1986). However, to date, it has not been determined that caves and water- 

filled void spaces are present under Areas F, G, R, or S/T. Until such a determination is 

made, groundwater will not be considered to be a direct exposure pathway for ecological 

receptors. MICOM is currently working with the U.S. Fish and Wildlife Service (VSFWS) 

to determine if cave and water-filled void space habitats exist under Areas F, G, R, and S/T. 

Results of the MICOM/USFWS efforts should be available by the end of this year. If such 

habitats are found near the five areas of concern, then risks to aquatic life will be addressed. 

The results of the cave and water-filled void space habitat assessments will be presented in an 

addendum to the RSA BRAl. 
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3.1.3.3 Aauatic and Terrestrial Communitieq 

Aquatic communities in the surface water near Area G include aquatic invertebrates,’ and all 

trophic levels of fish, turtles, and amphibians. The wetlands near Area R had only shallow 

water at the time of the ESE visit (May and June 1994). These wetland surface waters are 

not expected to sustain fish much larger than Ghbusia (mosquitofish). 

I 
3.1.3.3.1 Small animals expected to be found at the study areas include mice, rabbits, 

skunks, and raccoons. Several game species that have been introduced to RSA since 1954 

include quail, wild turkey, and white-tailed deer. These populations are quite prosperous at 

RSA. Some of the successful terrestrial communities on RSA that have been documented as 

being nuisance populations include blackbird flocks, beavers, ground hogs, coyotes, and 

skunks (MICOM, 1992). In addition to these species, bluebird and wood duck populations 

are being actively managed so that appropriate nesting habitat is available at RSA. A 

complete list of species believed to inhabit RSA can be found in the NRMP (MICOM, 1992) 

in Appendix H. 

3.1.3.4 SubpoDulations of Potential Concern 

As with the identification of human populations, a similar evaluation of release and exposure 

pathways and study area characteristics was performed to identify the primary ecological 

populations of concern. Potential receptors were identified by considering the types of 

chemicals released, the physical characteristics of the study area that may affect chemical 

migration, current and expected land uses, and habitat type (i.e., wetland, 100-year 

floodplain, prox,imity to surface water body). 

3.1.3.5 Endanvered or Threatened Fauna 

A complete list of potential endangered, threatened, or species of special concern is provided 

in Appendix G. Table 3.1-3 lists endangered or threatened fauna. 

3.1.3.6 Nonhuman Reuresentative bceutors 

Due to the number and diversity of nonhuman receptors present at the study areas, it is not 

feasible to evaluate each species present. EPA guidance indicates that biological receptors 

(ecosystem components expected to reflect adverse effects of pollutant stress) and endpoints 

(type of actual or potential impact due to contaminant exposure by a receptor) be selected to 
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represent indicators of any potential adverse effects to all ecosystem components (EPA, 

1988a). Initial screening was done to identify receptors present at the study areas. EPA 

guidance also indicates that consideration be given to rare, threatened, and endangered 

species, and to‘ species of commercial or sport value (EPA, 1989). Sensitive populations or 

subpopulations that could be more adversely affected by the contaminants of concern, such as 

juveniles and species with predicted higher-than-average exposure rates, should also be 

considered. 

3.1.3.6.1 Representative receptor species and sensitive subpopulations for the study areas 

were selected using the following criteria: 

1. Species observed onsite during site visits; 

Species observed offsite during site visits; 

Species observed within the study area as noted by other studies and agencies; 

Species that are an important component of the food chain, thus providing a 

source of exposure to higher trophic levels or representing an important forage 

component that may alter ecosystem stability if the population is adversely 

affected; 

2. 

3. 

4. 

6. 

7. 

8. 

9. 

10. 

Rare, threatened, or endangered species known to occur onsite that may occur 

offsite as well; 

Potentially affected commercial or sport species; 

Species of high public interest; 

Species with known sensitivity to RSA contaminants of concern; 

Species with behaviors, life history, or physiological aspects which may increase 

exposure or uptake, or change its toxic effects threshold; and 

Species with available ecotoxicity data. 

3.1.3.6.2 Although the habitat located within the perimeters of the five areas may be 

considered suitable for several of the endangered or threatened species previously mentioned, 

little toxicological and/or exposure parameter information exists in the literature for most of 

these species. The primary fauna receptors at the areas were observed to be small mammals. 

No listed federal or state threatened or endangered small mammal species are listed. 

Similarly, habitat requirements suggest that none of the listed fish, amphibians, or reptiles 

would be found at the study areas. Although one or more of the listed avian species may 

P/RsA/BRAl-3.17 
07/03/95 3-17 



infrequently visit the areas, their foraging ranges would be very large relative to the size of 

the study areas, and thus exposure would be expected to be minimal. However, one of these 

species will be considered at the screening level to represent a predator, and qualitatively 

evaluate the potential for bioaccumulation. Many assumptions need to be made during the 

analysis of risks to ecological receptors. It is prudent to choose receptors for which there are 

well documented and well researched benchmark exposure parameters and toxicological data. 

The representative species that were chosen for this ecological risk assessment have been 

found at RSA and there is sufficient information available to allow for a quantitative 

evaluation of health risks. The selected representative nonhuman receptors are the mouse, 

raccoon, common bobwhite quail, green frog, red-shouldered hawk, and the white-tailed deer. 

In addition, surface water concentrations are compared to water quality criteria to assess 

potential risks to aquatic life at Areas F, G, and R. A description of each of the six 

representative indicator species is provided in the following paragraphs. 

Mouse 

3.1.3.6.3 Mice, particularly of the genus Perumyscus, are primary and secondary consumers 

(USDA, 1986). They are ground-dwelling, nocturnal organisms that potentially contact 

contaminated soils during burrowing activities, as well as during feeding and grooming. 

Their primary food sources are seeds, nuts, and berries, but they also feed on invertebrates, 

fungi, and other items encountered during foraging (USDA, 1986; Caras, 1967). Their home 

ranges are fairly small ranging from 0.2 to 0.6 hectare (ha) if habitat quality is high, and 2 

to 4 ha if habitat quality is low (Cams, 1967). Peromyscus specimens are thought to be 

present throughout the study areas. 

Raccoon 

3.1.3.6.4 Raccoons (Procyo~ Zoror) are omnivorous animals that spend much of their time 

around wetlands. They eat crayfish, molluscs, terrestrial invertebrates, vegetable matter, 

berries, nuts, fish, small birds, and mammals (USDA, 1986). Raccoons represent a 

secondary consumer trophic level. Dens are usually in large hollow trees. Raccoons tracks 

were observed at the study areas and may be wide-ranging. 
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Common Bobwhite Quail 

3.1.3.6.5 Quail are relatively common at RSA since they were introduced as a game species 

and because many parts of RSA provide good habitat. The common bobwhite quail (colinus 

virginianus L.) was chosen to represent birds at RSA because of the available database 

concerning exposure parameters and chemical toxicities to this species. The mandatory cover 

types used by bobwhites (Johnsgard, 1973) are grasslands (used for spring and summer 

nesting and feeding cover), croplands (used for summer feeding and resting cover), and 

brushy habitat (used year-round for escape and roosting cover). These birds are primary and 

secondary consumers that feed mostly on seeds but may also occasionally consume beetles and 

other invertebrates (USDA, 1986; Johnsgard, 1973). Bobwhite are ground nesters and 

nonmigratory, year-round residents. Population densities are fairly small (1 to 4 ha per quail) 

with a covey (10 to 15 birds) requiring at least 5 ha (Johnsgard, 1973). The home ranges in 

Alabama are reported to be small, ranging from 3.2 to 7.2 ha (reviewed in Johnsgard, 1973). 

White-Tailed Deer 

3.1.3.6.7 White-tailed deer are abundant throughout RSA, with sightings common and 

evidence, like scat and trails, numerous. White-tail deer are primary consumers that feed 

mainly on twigs, bark, leaves, grasses, nuts, fruit, roots, and mushrooms (USDA, 1986; 

Caras, 1967). Many areas of RSA provide excellent browsing habitat for the deer. The 

extensive range of these animals [2.5 square kilometers (km? as reported in Caras, 19671 can 

potentially expose them to many contaminants throughout the study area via terrestrial and 

aquatic exposure pathways. 

Red-Shouldered Hawk 

3.1.3.6.8 Numerous predatory birds are found at RSA. The Red-shouldered hawk (Buteo 

linealus) has been chosen to represent a predatory wildlife species at the Arsenal. Although 

not endangered, the red-shouldered hawk is a species of special concern in Alabama. This 

bird prefers moist mixed woodlands and feeds primarily on snakes, frogs, crayfish, mice, and 
. 

some small birds (EPA, 1993). The home range size of the closely related red-tailed hawk 

varies from a few hundred to over 1,500 ha depending on the habitat quality (EPA, 1993a). 

Population densities of red-tailed hawks are generally lower than 0.005 pairs per ha (EPA, 

1993a). 
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Aquatic Indicator Species 

3.1.3.6.9 Because intermittent, as well as perennial water bodies, exist near Areas F, G, and 

R, these areas were included in the ecological risk characterization. The indicator species for 

the aquatic exposure and risk assessment were selected based on the likelihood of common 

organisms typically present in such environments. The indicator species were also chosen 

based on their capability to withstand periods of desiccation. The species evaluated for 

potential exposures to surface water and sediments include a primary producer 

(Scenedesmw sp.), a planktonic invertebrate (Daphnia mugnu), and a benthic invertebrate 

(CTzironimus sp.). 

Green Frog 

3.1.3.6.10 The green frog (Rana chmitans) is a common amphibian in the eastern United 

States, and is usually found near shallow fresh water waterbodies which may be permanent or 

semipermanent. One of the two subspecies of green frog (Rana clamitans melanuta) is 

commonly found at RSA (U.S. Army Missile Command, 1992). Juveniles are aquatic, but 

adult green frogs are terrestrial feeders among shoreline vegetation. Their diet consists 

primarily of insects, worms, small fish, crayfish and other crustaceans, newts, spiders, small 

frogs, and molluscs (EPA, 1992a). 

3.1.3.6.11 For this assessment, it has been assumed that green frogs are exposed to surface 

waters only. This assumption is based upon the intermittent nature of the waters which would 

encourage adults to use them only seasonally, It is unlikely that these waters would be 

important breeding sites given their temporary nature. If early life stages are present, eggs 

would be exposed to surface waters since green frogs deposit egg massess so that they float 

(EPA, 1993a). 

3.1.3.6.12 To characterize potential risks to aquatic vertebrates exposedto surface water 

contamination at the study areas, the detected contaminant concentrations were compared to 

ambient water quality criteria (AWQC) for the protection of freshwater organisms or 

ecological benchmarks in the absence of AWQCs. 
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3.2 IDENTIFICATION OF POTENTIAL EXPOSURE PAT.HWAYf$ 

To determine the potential health risks associated with onsite COPCs, significant potential 

exposure pathways need to be identified. The exposure pathway describes a mechanism by 

which the receptor may be potentially exposed to a chemical or physical agent at or 

originating from a study area. 

3.2.0.1 An exposure pathway is complete if it results in a receptor coming into contact with 

a COPC. For an exposure pathway to be complete, the following four elements must be 

present: 

1. A source or a release from a source (Section 3.2.1); 

2. A probable environmental migration pathway (i.e., leaching, volatilization or 

partitioning from one medium to another) of a study area-related chemical 

(Section 3.2.2); 

3. An exposure point where receptors may come in contact with a study area-related 

chemical (i.e., a source area or environmental medium) (Section 3.2.3); and 

4. A route by which a study area-related chemical may enter a potential receptor’s 

body (i.e., ingestion, inhalation of dust or vapors, and dermal contact). 

3.2.0.2 If any of these four elements is not present, the exposure pathway is considered 

incomplete and is not expected to contribute to the total exposure from the study area. A 

screening of each exposure pathway element was conducted for each area of interest to 

identify significant completed exposure pathways. This screening ensures that the risk 

characterization focuses only on the completed exposure pathways and eliminates from further 

consideration those pathways that are incomplete. Each of the four components of the 

potentially completed exposure pathways is discussed in the following sections. 

3.2.1 SOURCES AND RECEMNG MEDIA 

In general, potential exposure to different media includes exposure to soil, groundwater, 

surface water, air, and biota living on contaminated media. Exposure routes to soil include 

ingestion, inhalation, direct dermal contact, and consumption of biota living on the 

contaminated soils. Exposure to the surface water could occur by direct dermal contact and 

consumption of biota living in the contaminated surface water, sediments, and surrounding 

contaminated soil. Environmental monitoring activities performed at the five areas have 
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confirmed the presence of COPCs in soil, groundwater, surface water, and sediment. The 

study area-specific contaminants and the affected media are discussed in the following 

sections. 

3.2.1.1 Area F 

Area F (RSA 49) is approximately 5 acres in size and has 3 impoundments or ponds that have 

been covered, capped, and planted with grass and pine trees. The unit was used in the 1940s 

for the disposal of arsenic-contaminated wastes from lewisite manufacturing facilities that 

were located south of Area F. Lewisite is a chemical warfare agent containing arsenic 

trichloride. General industrial wastes were also disposed of in the ponds. The unit was 

reportedly closed in 1977. Most of the organic and metallic contaminants at this study area 

were detected in the waste samples and shallow soils near the ponds. Some of the 

contaminants were detected in the sediments in the drainage ditches and groundwater. 

3.2.1.1.1 The results of the Phase I and II data indicate that the primary source of 

contamination is soil. Contaminant migration has occurred, as indicated by the presence of 

COPCs in drainage ditches and groundwater. The principle constituents found in the soils at 

Area F were metals (arsenic, cadmium, and mercury) and PAHs. The principle contaminants 

in the groundwater at this study area are arsenic, mercury, and chlorinated hydrocarbons 

(primarily carbon tetrachloride). 

3.2.1.2 Area G 

Area G (RSA 48) is a former sanitary and industrial landfill that was active from 1947 

through 1950. Construction materials and sanitary wastes from the RSA installation were 

buried here. According to facility representatives, this unit did not receive hazardous 

materials. Currently, the study area is covered by a thin layer of soil, grasses, small trees, 

and brush. Soils are the source of concern due to the potential for contaminant migration to 

groundwater and/or to surface water in the adjacent creek. 

3.2.1.2.1 The COPCs are benzo(a)pyrene (detected in the waste) and trichloroethene, lead, 

and mercury (detected in the surface water). However, it appears that these compounds are 

from an upgradient source. Several metals (arsenic, barium, cadmium, chromium, and lead) 
. 
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were found in the groundwater at Area G. The only VOC detected in the groundwater was 

acetone. 

3.2.1.3 Area R 

Area R (RSA 59) is a former landfill that received rubble, construction debris, asphalt, and 

undocumented industrial waste during the 1970s. Rubble, metal debris, railroad ties, and 

concrete slabs have been observed at the surface and around the edges of the landfill. Prior to 

its being used as a rubble fill, the area may have been a borrow area. Examination of 1950s 

aerial photos indicate the area may have been used as a discharge basin or drainage for 

activities at the adjacent (to the west) liquid caustic plant (RSA-117). 

3.2.1.3.1 Today, the study area is overgrown with grass and briars. During the spring, 

approximately one-third of the study area is covered with water. This tendency to flood may 

increase the risk of offsite contaminant migration into surrounding wetlands. The principle 

constituents found at Area R were PAHs in the soils and chlorinated hydrocarbons in the 

ground and surface waters. Some of the metals in groundwater exceed MCLs, but the metal 

concentrations in the soils at this study area were generally low. 

3.2.1.4 Areas Sand T 

Areas S and T (RSA W54) contain an Ill-acre landfill used in the 1960s and early 1970s for 

the disposal of household, administrative, industrial wastes, and DDT. Fowler Road was 

constructed across the middle of the landfill. Area S occupies approximately 5 acres, and 

Area T occupies the northernmost 13 acres. Area S has been vegetated with pine trees (which 

have grown to heights of approximately 20 ft). Approximately one-half of Area T is cleared 

and vegetated with grass; a large portion of this cleared area is used as a staging area for 

BAMSI, contractors for RSA.. The other half of Area T is low-lying and vegetated with 

grasses, briars, and pines. Although heavy rainfall occasionally results in water pooling in 

low-lying areas, surface water is not typically present in Areas S and T. This is a terrestrial 

site with low probability of supporting aquatic populations. 

3.2.1.4.1 The apparent source of contamination at Areas S and T is the network of closed 

disposal trenches and surrounding soils. Areas S and T were included in the DDT Migration 

Abatement Program conducted from 1977 to 1982. DDT residues buried in the northeast 
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comer of Area S and in Area T between 1968 and 1973 were excavated and reburied in the 

DDT Waste Soils Landfill Ql (RSA-107). 

3.2.1.4.2 Organic contaminants, including volatile aromatic compounds and chlorinated 

benzene compounds, were detected in groundwater samples collected from the wells in this 

area during previous investigations (PELA, 1988a and PELA, 1989). Metals detected 

included arsenic, barim, and lead. DDT was not detected in any of the wells. VOCs, 

metals, and DDT were detected in soil samples collected from the area (PELA, 1988a and 

PELA, 1989). 

3.2.2 FATE AND TRANSPORT IN RELEASE MEDIA 

A qualitative environmental fate and transport analysis for the COPCs is provided in this 

section. The contaminants of concern include seven PAHs, six VOCs, one semivolatile 

organic compound (SVOC), and five metals. As summarized in Table 3.2-1, all the PAHs 

were detected in Area F. Only benzo(a)anthracene was found in Area G. In Area R, both 

benzo(a)anthracene and benxo(a)pyrene were detected. In addition to these two PAHs, 

dibenzo(a,h)anthracene was also detected in Areas S and T. Table 3.2-2 lists the VOCs, 

SVOC, and pesticide detected in the five areas. Five VOCs including trichloroethane, 

tetrachloroethane, vinyl chloride, benzene, and chlorobenzene were present in Areas S and T. 

VOCs were not detected in Area R. Only trichloroethene was found in Area G. Both carbon 

tetrachloride and trichloroethene were present in Area F. The only SVOC detected was bis(2- 

ethylhexyl)phthalate (B2EHP), in Area G. The pesticide 4,4’-DDT, along with its two 

transformation products, 4-4’-DDD and 4,4*-DDE, was only present in Areas S and T. This 

chlorinated pesticide was not present in the other samples. 

3.2.2.0.1 As shown in Table 3.2-3, the metals present in the five study areas are arsenic, 

cadmium, mercury, lead, and chromium. In Area F, only arsenic, cadmium, and mercury 

were detected. In Areas S and T, only lead was detected. Mercury and lead were found in 

Area G and lead in Area R. Chromium was detected at all five study areas. 

3.2.2.0.2 A general review of the basic physicochemical properties of these COPCs will be 

presented in Section 3.2.2.1, followed by a discussion of the environmental fate processes in 

L 
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Section 3.2.2.2. The different contaminant migration pathways are described in 

Section 3.2.2.3. 

3.2.2.1 Phvsical and Chemical Prone&q 

The fate and transport processes of the contru&a.nts detected in the five areas are strongly 

influenced by their physicochemical properties. These properties relate to the environmental 

partitioning and mobility of the chemicals. Some of these properties also affect the chemical 

behavior of the compounds and their susceptibilities to degradation induced by physical and 

biological agents. 

PAHs 

3.2.2.1.1 Table 3.2-4 summarizes important physicochemical properties of PAHs detected in 

the five areas. The properties include molecular weight, solubility in water, vapor pressure, 

Henry’s Law Constant, and organic carbon partition coefficient. These PAHs are typically 

composed of four to five benzene rings with molecular weights of over 200 grams per mole 

(g/mole). Their solubilities do not exceed 0.01 milligram per liter (mg/L) of mercury. The 

vapor pressure values, which range from 3.0 x 10”’ to 5.6 x 10”) millimeter of mercury 

(mmHg), suggest that these compounds are not volatile. The Henry’s Law Constants are 

generally lower than 1 x 10e3 atmospheres per cubic meter per mole (atm-m”/mole) indicating 

that these compounds have little tendency to volatize from surface waters. The organic 

carbon partition coefficient (Koc) values are higher than 1.0 x 105 milliliter per gram (n&/g), 

which indicate that these PAHs would be significantly adsorbed by organic materials in the 

aquatic and subsurface environments. 

vocs 

. 

3.2.2.13 The physicochemical properties of the six VOCs found at the five areas are 

presented in Table 3.2-S. Two of the WCs are aromatic compounds: benzene and 

chlorobenzene. The remaining four are chlorinated ethenes and methanes Compared to 

PANS, these VOCs are more soluble in water. The water solubilities range from 

1.5 E+2 mg/L for tetrachloroethane to 2.7 E+3 mg/L for vinyl chloride. The VOCs have 

much higher vapor pressures than PAHs. The vapor pressures vary from 9.0 E+ 1 mmHg for 

carbon tetrachloride to 2.66 E+3 mmHg for vinyl chloride. All the VOCs have greater 

tendencies to escape from the aqueous phase as indicated by the values of Henry’s Law 
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Constants which are greater than 1 x UP3 atm-m3/mole. With the exception of chlorobenzene, 

all the remaining VOCs would be expected to be weakly adsorbed by organic carbon present 

in the aquifer and surface water sediients, based on the low values of Koc. All the Koc 

values are below 400 n&/g, except chlorobenzene with a value of 930 mL/g. Thus, 

chlorobenzene would be the most significantly adsorbed of all the six VOCs. 

svocs 
3.2.2.1.3 The physicochemical properties of bis(2+thylhexyl)phthalate, the only SVOC 

detected, are shown in Table 3.2-5. Bis(2-ethylhexyl)phthalate is a high molecular-weight 

phthalate which is not very soluble in water. Its vapor pressure and Henry’s Law Constant 

are low, indicating that this compound would not volatize rapidly from open water bodies. Its 

high Koc of 1.0 E+4 indicates that this chemical would be significantly adsorbed by organic 

matter in the aquatic and terrestrial environments. 

Pesticides 

3.2.2.1.4 The physicochemical properties of 4,4’-DDT and its two transformation products 

4,4’-DDD and 4,4’-DDE are summarized in Table 3.2-5. The three compounds contain two 

chlorinated benzene rings with molecular weights ranging from 318 to 354 g/mole. They are 

not very soluble in water, as indicated by solubilities of less than 0.1 mg/L. The vapor 

pressures and Henry’s Law Constants are also low, suggesting that loss of these chemicals 

from the aqueous phase to air would not be significant. The high Koc values of 2.38 E+4 to 

5.01 E+4 indicate strong adsorption of these compounds to sediients of streams and aquifer 

materials which have appreciable quantities of organic matter. 

Metals 

3.2.2.1.5 Compared to organic contaminants, the specific physicochemical properties of the 

metals detected in the five study areas vary considerably, depending on the existing 

environmental conditions and predominant species of each metal. Since information 

concerning the specific species of each metal present in RSA is limited, and difficult to 

deduce, important physicochemical properties of the five metals such as solubility, vapor 

pressure, Henry’s Law Constants, and adsorption coefficient could not be provided. 

However, general and qualitative properties of the metals are described in the following 

paragraphs. 
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32.2.1.6 The halide salts (chloride, bromide, etc.) of arsenic, cadmium, mercury, lead, and 
1 

arsenic tend to be more soluble than carbonate and hydroxide compounds of these metals. 

For instance, PbCI, is more soluble than PbCO,. The compounds of these five metals 

dissolve in water by forming ions that do not escape into the atmosphere. In some instances, 

certain species of the dissolved metal ions may be converted into forms that can leave an 

aquatic system and escape into the atmosphere. Redox-sensitive metals such as arsenic, 

mercury, and lead may exist in alkylated species and become gaseous. For example, dimethyl 

arsine, methyl mercury, and tetramethyl lead can be produced under anaerobic or anoxic 

environments. For these metal forms, vapor pressures and Henry’s Law Constants may be 

applied. Cadmium is not believed to occur in organically bound species for which volatile 

behavior is typically discussed. 

3.2.2.1.7 The adsorptive properties of the metals are generally described in terms of Kd or 

the distribution coefficient in contrast with Koc for organic compounds. The Kd is influenced 

by the predominant species of the metal present in the aqueous phase, nature or properties of 

the adsorbent, and chemistry of the aqueous solutions. Thus, Kd of a metal can vary by 

orders of magnitude from one study area to another. In some instances, interpretation of Kd 

can be complicated by solubility and precipitation equilibria involving the metal of concern. 

3.2.2.2 Environmental Fate Processes 

Several fate processes occur in environmental media and influence the transport and 

concentration of the organic and metallic contaminants. One process may be closely linked to 

another because the phase transfer of a chemical in one medium enhances the transformation 

process in another different environmental matrix. 

3.2.2.2.1 This process can be illustrated when a contaminant adsorbed on a solid matrix 

moves into the aqueous phase where chemical or biological degradation of the contaminant is 

favored. Important fate mechanisms that can significantly affect the contaminants in the five 

study areas include microbial degradation, or biotransformation,’ volatilization, and photolysis. 

Other fate processes that can influence metals include chemical speciation, sorption, and 

precipitation. Over time, all these processes reduce the chemical concentrations in each 

medium. For conservative risk assessment applications (to be most protective of human 

health and the environment), the environmental fate processes occurring at the five study areas 
/ ,’ 
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were not factored into calculating chemical exposures at the site. Thus, the concentrations 

represent a conservative estimate of exposure as the concentrations were not reduced to 

account for biodegradation; biotransformation; volatilization; photolysis; or metal speciation, 

sorption, and precipitation. This approach ensures that risks are most likely overestimated 

rather than underestimated. 

3.2.2.2.1 Microbial Degradation/Transformation 

Microorganisms such as bacteria and fungi are known to be present in the surface and 

subsurface environments. They participate in the transformation and biogeochemical cycling 

of organic compounds and metals. The degradation can take place under either aerobic or 

anaerobic conditions. 

3.2.2.2.1.1 Biodegradation of a PAH with three or more aromatic rings such as those 

detected in media at the five study areas is reported to be slower (Perwak @ &., 1982). The 

rate and extent of degradation is variable. The mechanism appears to be the removal of one 

cyclic unit at a time. Some studies showed that’PAHs can be microbially metabolized and 

transformed into other compounds. Under aerobic conditions, benzo(a)anthracene was 

transformed by CunninghaneZZa elegam to 3,4-, 8,9-, and 10,l l- dihydrols (Kobayashi and 

R&man, 1982). A bacterial strain of Beijerhcka was reported to metabolize 

benzo(a)anthracene to form a polycyclic aromatic acid (Mahaffey, & A., 1988). In addition, 

both Beijerinckzz and CunninghaneZZa elegans have been demonstrated to biotransform 

benzo(a)pyrene (Gibson, 1976; Kobashi and R&man, 1982). Negligible degradation was 

observed by McKenna and Heath (1976) for dibenx(a,h)anthracene in shake flask experiments. 

3.2.2.2.1.2 Microorganisms can also metabolize chlorinated methane, ethenes, benzene, and 

chlorobenzene. Parsons and Lage (1985) reported that microbiota degraded tetrachloroethane 

and trichloroethane via a reductive dehalogenation pathway under conditions of neutral to 

acidic pH, and an absence of oxygen and light in a simulated groundwater environment. 

Results of laboratory studies of Vogel and McCarty (1985) confirmed that tetrachloroethane 

can undergo reductive dehalogenation under anaerobic conditions. Both tetrachloroethane and 

trichloroethane are converted to dichloroethenes and then to vinyl chloride, which canbe 
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eventually mineralized to carbon dioxide. Thus, it is possible that the vinyl chloride detected 

could have resulted from the tetrachloroethane or trichloroethane biodegradation. Carbon 

tetrachloride can also undergo reductive dechlorination and form chloroform as one of the 

degradation products (Smith and Dragun, 1984; Galli and McCarty, 1989). 

3.2.2.2.1.3 Benzene and chlorobenxene are also known to be metabolized by microbes. A 

mutant of Pseudomonasputidb can transform benzene to catechol (Dagley, 1972). Bacterial 

dioxygenases can in turn cleave catechol to yield acid and aldehyde (Chapman, 1972). For 

chlorobenxene, unacclimated aerobic river die-away tests indicate that aqueous biodegradation 

is possible. 

svocs 
3.2.2.2.1.4 Bis(2-ethylhexyl)phthalate can be biotransformed in the environment. Johnson 

and Lulves (1975) reported on the aerobic biodegradation of bis(2-ethylhexyl)phthalate in 

freshwater hydrosoil. Biodegradation of this ester under aerobic conditions in river or lake 

water and water/sediment systems is also expected to occur. In water/sediment mixtures 

under anaerobic conditions, biodegradation may be slow or not occur at all. 

Pestkid@ 

3.2.2.2.1.5 4,4’-DDT can be biotransformed to different products by different 

microorganisms. Fries (1972) reported that Aerobacter aerogenes degraded 4,4’-DDT under 

aerobic conditions to yield several products that included 4,4’-DDD and 4,4’-DDE. The 

white rot fungus Phunerchme chrysosporium can also degrade 4,4’-DDT to produce several 

metabolites such as 4,4’-DDD and dicofol (f3umpus and Aust, 1987). In soils, 4,4’-DDT is 

slowly converted to 4,4’-DDE under aerobic conditions, and rapidly converted to 4,4’-DDD 

under anaerobic conditions (Kearney and Kaufman, 1976). other degradation products may 

be also produced under aerobic and anaerobic conditions by various microbes (Kobayashi and 

Rittman, 1982). 

3.2.2.2.1.6 Both 4,4’-DDD and 4,4’-DDE may also undergo biotransformation. Several 

compounds were reported by Fries (1972) when 4,4’-DDD is degraded in aerobic and 

anaerobic conditions. Indigenous microbes in lake sediments were able to degrade 4,4’-DDD 

to derivatives of ethane and ethanol under reducing conditions (Leland & A., 1973). 4,4’- 
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DDE was also reported to degrade further to an acid by loss of two more molecules of HCl 

(Pesticide Dictionary, 1976). 
. 

Metals 

3.2.2.2.1.7 Bacteria, yeast, and fungi can catalyze the modification of metals in the 

environment. These transformations from one form of a metal or element to another affect 

the concentration and distributions of the metallic pollutants. The microbial transformation 

processes generally observed include redox, alkylation, dealklylation, and sulfide 

precipitation. Of the metals detected in the five study areas, arsenic and mercury are affected 

by the microbially mediated redox process. A yeast of the genus Gypzococcus, along with 

Escheria coli and streams of Pseudomonas sp., was found to be capable of converting 

mercuric chloride to elemental mercury (Alexander, 1974; Brunker and Bott, 1974). Arsenic, 

in the form of As (III) can be oxidized to As (V) in soil (Quastel and Scholefleld, 1953). 

3.2.2.2.1.8 Alkylation or methylation of mercury, arsenic, lead, and cadmium can be 

catalyzed by microorganisms as part of a detoxification mechanism. Several studies have 

shown that mercury can be methylated by both anaerobic and aerobic bacterial species 

(Bechert & d., 1974; D’Itri, 1972; Hamdy and Noyes, 1975). Arsenic can be methylated by 

bacteria and fungi to yield dimethyl and trimethylarsines (McBride and Wolfe, 1971; Saxena 

and Howard, 1977; Thayer and Brinckman, 1982). Formation of tetramethyl lead by 

microorganisms in anaerobic sediments was demonstrated in incubation experiments of Wong 

& A. (1975). Methylation of cadmium to organic species by Pseudamonas sp. has been also 

reported. The reverse process, dealkylation is also possible and has been studied in systems 

involving arsenic and mercury. 

3.2.2.2.1.9 Sulfide precipitation mediated by sulfate-reducing bacteria generally affects lead 

and silver. H$ resulting from reduction of sulfate and cleavage of some organic molecules 

due to microbial action reacts with lead to form sulfide compounds. 

3.2.2.2.2 Vdatilization 

Volatilization is a process of mass transfer of the contaminants from the aqueous phase to the 

air or atmosphere. As described in Section 3.2.2.1, chemicals with Henry’s Law Constant of 

greater than 1 x 10-’ atm-m’/mole have a greater tendency to volatilize. 
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PAHS 
3.2.2.2.2.1 Due to the low Henry’s Law Constants and vapor pressures of the seven detected 

PAHs, these are not expected to escape readily from solution to the air. Thus, volatilization 

is considered to be slow and less important for thii group of compounds. 

3.2.2.2.2.2 Volatilization is an important fate process for the six detected VOCs. The rate of 

mass transfer or loss from an open water body would be affected by surface and bulk 

agitation of the liquid medium, wind velocity, and temperature. The presence of suspended 

matter and particulates in the water, to which the chemicals can sorb, will influence 

volatilization. Chlorobenzene and tetrachloroethane with Koc values of 930 and 364 n&/g 

will tend to be strongly adsorbed compared to the other VOCs. Consequently, suspended 

organic materials can potentially retard the volatilization of these two VOCs. 

SVOCs and Pesticides 

3.2.2.2.2.3 Bis(2-ethylhexyl)phthalate and 4,4’-DDT, along with its transformation products, 

4,4’-DDD and 4$-DDE, would not be expected to volatilize readily owing to the low 

Henry’s Law Constants. In an aquatic environment, these compounds will tend to be 

preferentially adsorbed, thus remaining in only small quantities in the aqueous phase. 

Metals 

3.2.2.2.2.4 The inorganic forms of arsenic, lead, and cadmium present in the aqueous phase 

are not expected to volatilize. Only Hg” is known to be volatile. However, the microbial’ 

methylation process described previously can transform arsenic, ‘lead, and cadmium into 

volatile’species under certain environmental conditions. For instance, arsenic can be 

converted to di- and trimethylarsines that escape from natural waters. The rate of 

volatilization may be retarded by other processes such as adsorption and chemical degradation 

during the upward diffusion of the volatile species from the sediments and underlying water 

column to the air. 
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3.2.2.2.3 Photolysis 

Chemicals present on the soil surface and natural waters can undergo chemical degradation by 

absorbing solar energy. The energy can excite the molecule of the contaminants ieadiig to 
bond cleavage and formation of photolysis products. 

3.2.2.2.3.1 The PAHs detected in the five study areas have four to five aromatic rings that 

4 
/ 

are susceptible to photolytic degradation. One of the most widely studied compounds is 

benzo(a)pyrene which has been reported to undergo photolysis by light and yield mixture of 

quinones. The fate process is believed to be mediated by single oxygen molecules that are 

formed through energy transfer from the electronically excited aromatic molecule in its triplet 

state (Andelman and SIMS, 1970; NAS, 1972, Neff, 1979). The photolysis rate can be 

affected by the presence of natural organic and inorganic substances in solution. The 

photolytic degradation of benzo(a)pyrene was found to be inhibited in natural waters with 

humic acids (Smith & A., 1988). Jnhibition of photolysis was also observed when 

benzo(a)pyrene was adsorbed onto kaolinite clay. 

3.2.2.2.3.2 Other PAHs would be expected to exhibit photolytic behavior comparable to that 

of benzo(a)pyrene. Chrysene was reported to be potentially susceptible to photolysis and 

yield quinones based on studies involving structurally related compounds such as 

benzo(a)pyrene (EPA, 1985). 

vocs 
3.2.2.2.3.3 Based on the review of Callahan d & (1979), photolysis is considered too slow 

to be a significant factor in influencing the fate of VOCs. No data were found to suggest that 

tetrachloroethene and trichloroethene undergo photodegradation. Although direct oxidation of 

benzene in environmental waters is unlikely, cloud chamber data indicate that it may be 

photooxidized rapidly in the atmosphere (EPA, 1985). 

svocs 

3.2.2.2.3.4 No information was found to assess directly the photolytic stability of bis(2- 

ethylbexyl)phtbalate. According to the study conducted by Wolfe a 4. (1980), on the 
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aqueous photolysis for dimethylphthalate, it is possible that bis(2-ethylhexyl)phthalate can be 

photolyzed with half-lives ranging from months to years. 

Pesticideq 

3.2.2.2.3.5 Photolysis may not be a significant fate process for 4,4’-DDT and 4,4’-DDD. 

No data were found to directly evaluate the photolytic stability of 4,4’-DDD. Degradation of 

DDT was not observed in distilled water solutions under sunlight for 7 days (Callahan & d., 

1979). For 4&‘-DDE, photolysis may be a significant process based on the measured rate 

constants for 4,4’-DDE eradicated at more than 290 nanometers (nm) with artificial sunlight 

in water solution (Zepp and Clme, 1977; Callahan, 1979). 

Metals 

3.2.2.2.3.6 No information was found during a literature survey to indicate that photolysis is 

an important fate process affecting the concentration and distribution of the six detected metals 

in the environment. 

3.2.2.3 Contaminant Mimation Pathwavs 

The organic compounds and metals present in the waste and soils at RSA have the potential to 

migrate to other environmental media and eventually to move toward downgradient locations. 

The six possible migration pathways are as follows: 

1. Soil-to-groundwater, 

2. Soil-to-surface water, 

3. soil-to-air, 

4. Surface water-to-air, 

5. Groundwater-to-air, and 

6. Groundwater-to-surface water. 

3.2.2.0.1 Some of these contaminant migration pathways may be important in certain areas 

depending on the nature of contamination. The rate and extent of migration of the 

contaminants will be strongly influenced by their physicochemical properties and existing 

onsite environmental conditions. In this section, the different migration pathways are 

described followed by a qualitative analysis of the expected contaminant migration at each 

area. 
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3.2.2.3.1 Soil-to-Groundwater Pathway 
\ 

During and after a rainfall event, water moves on the soil surface as surface runoff and 

infiltrates the soil. As leachate percolates the subsurface environment, the water carries with 

it dissolved organic chemicals, soluble metallic species, and compounds adsorbed to 

suspended matter in the aqueous phase. Those chemicals strongly sorbed to suspended 

matter, such as those with high adsorption coefficients (Koc or Kd), would be expected to be 

retained by the upper few inches or feet of the surficial soil. The dissolved forms can 

continue migrating downward. However, only a certain fraction of the total dissolved 

compounds is expected to reach the groundwater because adsorption, and other dissipation 

mechanisms may still continue as the solution passes through the vadose zone and finally 

reaches the aquifer. The extent of adsorption will be affected by the chemical structure, 

charge of metallic species, presence of competing species, and hydrogeological factors such as 

porosity, soil texture, depth to water table, and presence of layers with low hydraulic 

conductivity. In some instances, solution chemistry factors such as pH, redox potential, and 

ionic strength may exert significant influence on leaching. 

3.2.2.3.2 Soil-to-Surface Water Pathway 

Part of the rain water that does not percolate can move over the surf&l soil to low-lying 

areas as surface runoff. This runoff can transport the dissolved chemicals and metallic species 

from the source areas to drainage systems and nearby surface water bodies such ‘as streams 

and creeks. In addition, metals and organics sorbed onto particulates or coated onto moving 

soil particles can be transported with the surface runoff. As the surface water moves or 

stagnates in certain locations, some speciation and transformation of metals can occur 

depending on the pH, presence of oxidizing and reducing agents, levels of organic matter and 

inorganic ligands picked up during the transport. Organic compounds in standing water 

runoff can potentially undergo photolysis and volatilization. 

3.2.2.3.3 Soil-to-Air Pathway 

Organic contaminants and metals in the ground surface and near the surficial soils can be 

released into the atmosphere either by volatilization, fugitive dust, or particulate emission. 

Compounds such as VOCs would be expected to be lost by volatilization. For compounds 

with low vapor pressure and high Koc, volatilization is considered to be of lesser importance. 

However, these compounds, along with metallic species sorbed onto fine soil particulates, 
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may be released to the air via dust or particulate emission due to wind-driven currents or 

other mechanical disturbances of the surface soil (i.e., through human activities). This 

mechanism of contaminant transport, however, may not become a significant pathway if the 

contaminated surface soil is covered by grass and other barriers. 

3.2.2.3.4 Surface Water-to-Air Pathway 

Contaminants that eventually reach surface water bodes such as streams and creeks have the 

potential to migrate to the atmosphere. These contaminants are usually VGCs that have 

relatively high vapor pressures and Henry’s Law Constants (more than 1 x 10-’ atm-m’/mole). 

The volatilization loss rate would be influenced by surface and bulk agitation, wind current, 

temperature, and presence of materials in the aqueous phase that inhibit the actual mass 

transfer to the atmosphere. Volatile contaminants, such as VGCs, reaching the atmosphere 

can undergo fairly rapid photooxidation with hydroxyl radicals. 

3.2.2.3.5 Groundwater-to-Air Pathway 

Volatile contaminants in the groundwater can diffuse through the soil pore spaces and finally 

reach the soil surface and surrounding air. This subsurface volatilization pathway is affected 

by depth to the water table, moisture content of the soil column, and soil texture of the 

vadose zone. When the moisture content is low, the water table is shallow, and the soil is 

predominantly sandy, volatilization from the groundwater is highly favored to occur. When 

the air porosity is low, water table is deep, and moist silt and clay abound in the unsaturated 

soil column, the groundwater-to-air pathway would not be significant. 

3.2.2.3.6 Groundwater to Surface Water 

The hydrogeology in the vicinity of RSA may permit the migration of chemicals from 

groundwater to nearby surface water bodies. Areas having nearby surface bodies include: 

Area F Surface water drainage ditch along the east, north, and west boundary; 

Area G McDonald Creek and a drainage ditch adjacent to the unit; and 

Area R Wetlands surround the north, south, and east sides of the unit. 

Hydrogeologic investigations suggest that groundwater in the overburden is controlled 

primarily by topography and surface water drainage (G&M, 1991). Following these 

observations, groundwater may tend to flow toward streams, rivers, and low-lying areas on 
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and near the site. The concentrations of any chemical discharging from groundwater to 

surface water is expected to be reduced significantly through dilution, adsorption, settlement, 

volatilization, photolysis, and/or biodegradation (EPA, 1979). The site illustrates the 

reduction of groundwater chemical concentrations upon reaching nearby surface waters as 

indicated by the analytical data. For example, at Area F, many inorganics and organics were 

detected in groundwater; however, they were below detection in surface water. For Areas G 

and R, both morganics and organics were detected in groundwater, while surface water 

concentrations were detected at lower concentrations or below detection. At Area G, 

concentrations of trichloroethene, an organic, were detected in the upstream surface water 

sample, but were below detection in groundwater, indicating an upgradient source(s) or 

organic chemicals. 

3.2.2.4 Studv-Area-Specific Disctisions of Contaminant Mimtion Pathwave 

AIWSF 

An analysis of the nature and extent of contamination and environmental conditions at Area F 

suggest soil-to-groundwater, soil-to-air, and soil-to-surface water are the three important 

pathways that affect the contaminant transport and distribution. The soil-to-groundwater 

pathway applies to arsenic and mercury. These two metals were detected in waste samples 

and have leached to the aquifer. Both metals were found in the groundwater. Despite the 

presence of the PAHs in the waste samples and shallow soils, these compounds were not 

detected in the groundwater probably due to the strong adsorption in the vadose zone. Some 

of the PAHs such as benzo(a)anthracene and benzo(a)pyrene, along with arsenic, were 

detected in the sediments of the drainage ditch, suggesting soil-to-surface water migration in 

which the two PAHs and arsenic eventually became trapped in the surface water sediients. 

3.2.2.4.1 PAHs and arsenic were also found in shallow soils. They can be released to the 

surrounding air during potential mechanical disturbance of the soil via soil-to-air contaminant 

migration pathway. PAHs and arsenic sorbed to soil particles are more likely to become 

airborne due to dust or particulate emission rather than through volatilization. 

3.2.2.4.2 Based on the evaluation of the environmental monitoring data from Area G, soil-to- 

surface water and surface water-to-air are the significant contaminant migration pathways. 
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The soil-to-surface water pathway is applicable to benzo(a)pyrene. This PAH may be 

transported to nearby land surface and eventually reach McDonald Creek and the northern 

drainage creek. The mode of transport is likely to be via surface water runoff carrying 

benzo(a)pyrene adsorbed to suspended matter or soil particles. The surface runoff will tend to 

move toward McDonald Creek and the northern drainage creek due to the topography of the 

area. The other pathway, surface water-to-air, is important for trichloroethylene, which was 

detected at several sampling points along McDonald Creek. Volatilization of trichloroethene 

is expected because this compound has a high vapor pressure and a high Henry’s Law 

coefficient as discussed in Section 3.2.2.1. 

3.2.2.4.3 An assessment of the environmental monitoring data from Area R indicates that the 

soil-to-air and soil-to-surface water pathways are important in the contaminant migration 

analysis. Benzo(a)anthracene and benxo(a)pyrene can be transported to the surrounding air by 

mechanical disturbance of the shallow soil such as excavation. This soil-to-air pathway can 

be enhanced when air currents are strong and favor emission of soil particles to which the two 

PAHs are adsorbed. Volatilization of the two PAHs is not likely because the two compounds 

have low vapor pressures and Henry’s Law constants. The other pathway which affects 

benzo(a)anthracene and benzo(a)pyrene is the soil-to-surface water pathway. The transport 

mechanism is likely to be via surface runoff carrying suspended materials and particulates 

with sorbed PAHs. These sorbed PAHs would finally reside in the beds of nearby drainage 

ditches or creeks in the eastern and southeastern portion of the study area. Environmental 

monitoring data confirm the presence of the two PAHs in surface water sediments. The 

surface water-to-air pathway is not considered significant for bis(2-ethylhexyl)phthalate. This 

phthalate has a low Henry’s Law Constant and is not expected to volatilize from the drainage 

ditch surface water. 

. 
Areas S and T 

3.2.2.4.4 Based on the environmental monitoring data reviewed for Areas S and T, the 

important contaminant migration pathways are soil-to-groundwater and soil-to-air. The soil- 

to-groundwater pathway would involve chlorobenzene which is associated with the production 

and disposal of DDT. The other contaminants, such as the three PAHs, lead, and 4,4’-DDT 

and its two transformation products, may not be readily leached to the aquifer because these 
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chemicals can be strongly adsorbed in the vadose zone. Chlorobenxene is expected to have a 

relatively faster percolation rate due to its higher water solubility and lower Koc compared to 

the other contaminants in the waste samples and soils. Chlorobenzene has been already 

detected in the groundwater and is considered the principal VOC contaminant. The other four 

WCs also found in the groundwater may have come from the waste materials present in the 

landfill. The other pathway, soil-to-air, becomes significant when mechanical disturbance 

such as excavation leads to particulate emission. The three PAHs, lead, and 4,4’-DDT and its 

transformation products can be carried to the air via airborne soil or waste particles to which 

these contaminants are adsorbed. Volatilization and fugitive dust emission of these 

contaminants are not likely because the study area is currently covered with vegetation. 

3.2.2.4.5 The concentrations of both the organic and metallic contaminants that may be 

transported to the different environmental media through the different contaminant migration 

pathways would be expected to decrease if biodegradation and photolysis can occur in any of 

the five study areas. The rate and extent of these dissipation mechanisms, however, are 

difficult to evaluate due to limited information. For instance, data on groundwater chemistry 

such as pH, redox potential, ionic strength, and presence of inhibitory substances are needed 

to determine if microorganisms can exist and metabolize the contaminants. Consequently, an 

assessment of the potential impact of the degradation processes is difficult to perform, even in 

a qualitative fashion. 

3.2.3 HTJMAN EXPOSURE POINTS AND EXPO!WRE ROUTES 

An exposure point and exposure route are the third and fourth elements, respectively, of an 

exposure pathway. Through the identification of chemical sources and receiving media 

(Section 3.2.1) and the analysis of the movement of these chemicals from the source 

(Section 3.2.2), exposure points (a location where receptors can come into contact with study 

area-related compounds) and exposure routes (the route by which a contaminant enters the 

body) can be identified as defined in Section 3.2. 

3.23.0.1 In general, potential exposure to different media includes exposure to soil, 

groundwater, surface water, air, and biota contacting the contammated media. Exposure 

routes to soil include ingestion, inhalation, direct dermal contact, and consumption of biota 

living on the contaminated soils. Exposure routes to groundwater include ingestion, dermal 
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contact, and inhalation of vapors volatized from groundwater (i.e., while showering). 

Exposure to the surface water and sediment could occur by ingestion, direct dermal contact, 

and consumption of biota living in the contaminated surface water, sediients, and 

surrounding contaminated soil. 

I  

3.2.3.0.2 Although there are currently no human receptors exposed to groundwater under the 

study areas, a full assessment of the potential risks to future workers was conducted for 

exposure to groundwater at each study area. oral, dermal, and inhalation pathways of 

exposure were evaluated in the BRA. Based on the study area-specific information, other 

relevant media, exposure routes, and potential receptors were selected for the potential 

exposure at each study area as discussed in the following sections. 

3.2.3.1 Area F 

The most likely point of contact with contaminants at the study area is surface soil, either 

directly onsite, or in the drainage ditch that runs along the southern border of the study area. 

The drainage ditch is dry except du&g periods of heavy precipitation; thus, samples from the 

ditch are evaluated as soils. Potential exposure routes for surficial soil contamination at this 

study area include direct dermal contact, incidental ingestion, and inhalation of soil/dust 

particles. There are no perennial surface water bodies at this study area; therefore, no surface 

water or sediment exposure points or routes need to be addressed for Area F. 

3.2.3.1.1 Ingestion, dermal contact, and inhalation exposure to soils and groundwater are 

potentially complete future pathways and are evaluated in this BRA. 

3.2.3.2 AreaG 

Area G is the only area of the five at which a permanent recreational surface water body 

occurs (near the perimeter of the closed landfill). Persons frequenting the vicinity of 

McDonald Creek may be exposed to surface water and sediments via dermal contact or 

incidental ingestion. Ingestion of fish caught in the creek is another potential exposure route. 

3333.1 Potential pathways of future exposure at this study area include exposure to surface 

water and sediments, as stated previously, as well as incidental ingestion, dermal contact, and 

inhalation of contaminants in groundwater and soil. 
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3333 AreaR, 

No current exposures to site contaminants are evident. However, human receptors may be 

exposed to soil and groundwater contaminants at this area via ingestion, dermal contact, and 

inhalation. , 

3.2.3.4 Areas S and T 

Current exposure to site soils may be possible via ingestion, direct contact, and inhalation. In 

addition, human receptors may be exposed to soil and groundwater contaminants at these 

areas in the future via ingestion9 dermal contact, and inhalation. 

3.2.4 POTENTIAL HUMAN RECEPTORS AND SCENARIOS 

3.2.4.1 Qwrent Worker 

As described in Section 3.1.2.3, the current industrial use of the installation will continue into 

the future as the Army does not have plans to change the current mission of RSA. Thus, the 

current worker exposure scenario is the primary expected exposure scenario, which includes 

maintenance activities. While a trespasser may traverse the study ares on an occasional basis, 

the worker scenario is a more frequent exposure to assess human health risks. 

3.2.4.1.1 Because all of the study areas are closed or abandoned landfills, there are no 

buildings located directly on these areas, as landfills would not be foundationally sound to 

support large structures (i.e., homes, warehouses, offices). A small sewage lift station is 

located adjacent to the southwest corner of Area R. However, as this structure is not situated 

on the rubble area and is occupied on an infrequent basis, no current worker exposure to 

study area COPCs is anticipated. In addition, the area beneath the power lines adjacent to 

Area G is maintained regularly; however, since the power lines are not located on the old fill 

area, no exposure to COPCs is anticipated for a worker cutting grass adjacent to the study 

area. 

3.2.4.1.2 The only workers who may potentially be exposed to the COPCs associated with 

the five study areas are those who work in the office building adjacent to Area F and those 

who maintain the grounds at Area T. Although Areas F and T are covered, capped, and 

vegetated, surficial soil samples indicated the presence of residual contamination. Therefore, 

the current worker scenario is considered valid for these two areas and current exposure to 
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soil is evaluated. The exposure assumptions for the current workers at each of these areas are 

listed in Appendix C. Because RSA obtains potable water from the Tennessee River and 

treats the water at three treatment plants, groundwater beneath RSA is not currently used. 

3.2.4.2 Future Worker 

The possibility for future industrial use of Areas F, G, R, and S/T is unlikely because the 

, 

study areas are closed landfills or waste pits regulated under CERCLA. However, to provide 

a perspective on the level of contamination at each area, future industrial use is evaluated in 

this BRA to illustrate the level of risk that would be associated with regular exposure to the 

groundwater and soils at these study areas. A future worker may contact soils through 

incidental ingestion, inhalation of fugitive dusts, or dermal contact. All three of these 

pathways are considered complete for the future worker and are evaluated in this BRA. 

Although unlikely, groundwater beneath RSA could be developed as a potable source; thus, 

! ingestion, direct contact, and inhalation of groundwater chemicals is evaluated for a future 

worker. Since McDonald Creek, a perennial water body, is located adjacent to Area G, the 

potential for future workers to contact surface water and sediment during breaks may exist. 

Therefore, incidental oral and dermal exposure to surface water and sediment is evaluated for 

future workers. , 

3.2.4.3 Recreational User 

The study areas addressed in this BRA are open or forested and the potential exists for current 

and future recreational use. Access to RSA as a whole is restricted; however, Area F is 

fenced but does not have a gate; Areas G, S, and T do not have fences that significantly 

inhibit access to the study areas; and Area R does not have a perimeter fence. Hunting and 

fishing are allowed on RSA property and it is possible that these recreational users of RSA 

will trespass onto the study areas occasionally. In addition, a cemetery is located adjacent to 

the southeast comer of Area S. As the cemetery is not situated on the study area and may be 

visited by family members on an infrequent basis, no current recreational exposure to COPCs 

is anticipated. 

3.2.4.3.1 A future recreational user would be exposed to the same media via the same 

pathways as the future worker. Although the recreational user scenario is valid, it evaluates 

the exposure for an individual who is only exposed to study area soils for a small number of 
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days each year. The future worker scenario evaluates the risks associated with exposure to 

study area soils for 250 days per year. Therefore, future worker exposure to soils represents 

a conservative estimate of recreational soil exposure as well. The potential risks posed to the 

trespasser will be discussed in the risk characterization as they compare to the potentid risks 

posed to future workers. 

3.2.4.3.2 In addition to soils, recreational exposure to surface water and sediment may occur 

at McDonald Creek adjacent to Area G. Persons fishing or wading in the creek may be expo- 

sed to surface water and sediments via dermal contact or incidental ingestion. Ingestion of 

fish caught in the creek is another potential exposure route and is evaluated in this BRA. 

Surface water concentrations in McDonald Creek were used to model the concentrations of 

COPCs in fish tissue. The intake of fish was then estimated, and the associated risks were 

determined. Since current and future recreational exposure patterns are expected to be 

equivalent, only current recreational exposure is evaluated. 

3.2.4.4 J?uture Construction Worker 

The probability that construction activities will take place directly onsite at the five areas is 

unlikely. The areas are closed waste sites or landfills and the land is considered unsuitable 

for building. Uneven settling of the ground overlying the landfills would preclude any large- 

scale construction activities. The only activities that may intermittently occur would be the 

maintenance or installation of underground wiring or plumbing which may disrupt the surface. 

These activities are expected to occur infrequently. Additionally, the exposure to the 

construction worker who may be at a site for several days is expected to be much less than 

the exposure received by a future worker who would be exposed 250 days per year for 25 

years. For these reasons, it was concluded that the construction worker scenario is 

superfluous and it is not quantitatively evaluated in this BRA. 

3.2.4.5 Current Resident 

There are currently no residents located either on or directly adjacent to any of the five study 

areas assessed in this BRA. Local groundwater is not used as a potable water source on RSA, 

and risks to offsite residents who’may be exposed to regional surface and/or groundwater as a 

drinking water source cannot be evaluated in this BRA, as this BRA addresses only five of 

more than 200 potential sources of groundwater contamination at RSA. 
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3 3.2.4.6 Future Resident 

, The potential for a future resident living directly on one of the study areas is unlikely. Future 
, land use will be in accordance with the RSA Master Plan (USACE, 1989), which outlines a 

program for RSA in which there will be development in accordance with RSA remaining as 

an Army-based facility. The Master Plan states that the mission of the facility is to remain an 

active military installation. RSA has not been identified as a site that will undergo Base 

Realignment and Closure @‘WC), which further supports that the current mission will 

contirme into the future. Thus, this information supports the conclusion that a future 

residential scenario is unrealistic. In addition, landfill sites would have limited future uses as 

they would not be foundationally sound to support residential development. 

3.2.4.6.1 If the study areas were to be scheduled for such land use in the future, the risks 

associated with such activity would need to be evaluated at that time. It is not useful to 

evaluate the risks for a future resident at this time because chemical concentrations in various 

media are expected to change considerably over time. 

3.2.5 SUMMARY OF COMPLETED HUMAN EXPOSURE PATHWAYS TO BE 
QUANTDIED INBRA 

A summary of the human exposure pathways quantified in this BRA are presented in 

Table 3.26 and are discussed in the following sections. 

3.2.5.1 Groundwater Inmstion Pathway 

Domestic/industrial consumption of groundwater is a pathway of concern when humans use 

wells that tap into groundwater flowing beneath a potentially contaminated site. Exposure 

will occur as a result of direct ingestion of water and beverages and foods made with water, 

as well as incidental ingestion during various activities, such as showering or washing cars. 

This pathway is not complete for current residents or workers because there are currently no 

drinking water wells near Areas F, G, R, or S/T. Although there are private wells located in 

Huntsville, none of these wells are close enough to the study areas that groundwater 

contamination could be attributed to the subject areas. 

3.2.5.1.1 The groundwater consumption pathway is considered complete only for future 

workers and is evaluated for this receptor at all five of the study areas. The scenario of 

having a potable water well on one of the disposal sites is unlikely, but the scenario is 
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included in the BRA so that the potential risks associated with groundwater contamination at 

the study areas may be quantitatively evaluated. As per EPA region-wide (1989b) and 

Region IV (1992c) guidance, the quantitative evaluation of groundwater exposure is based 

only on unfiltered samples. Filtered samples may be discussed qualitatively, where 

appropriate. 

3.2.5.2 Groundwater Dermal Contact Pathway 

Domestic direct contact with groundwater may occur during various activities, including 

showering, cooking, and washing cars, dishes, and laundry. Dermal exposure to groundwater 

in an industrial setting may result from certain work-related processes, as well as showering. 

As with the groundwater ingestion pathway, this pathway is not complete for current residents 

or workers because there are currently no wells near Areas F, G, R, or S/T. 

3.2.5.2.1 The groundwater dermal contact pathway is considered complete only for future 

workers and is evaluated for this receptor at all five of the areas. The future worker scenario 

assumes that a worker will have dermal contact with the water during showering. The 

scenario of having a potable water well on one of the disposal sites is unlikely, but as with 

groundwater ingestion, the scenario is included in the BRA so that the potential risks 

associated with groundwater contamination at the study areas may be quantitatively evaluated. 

3.2.5.3 Groundwater Inhalation Pathwav 

Inhalation exposure to groundwater VOCs may occur as these chemicals volatilize from 

groundwater to indoor air. Similar to direct contact, domestic inhalation of groundwater 

chemicals may occur during various activities, including showering, cooking, and washing 

cars, dishes, and laundry. Inhalation exposure to groundwater WCs in an industrial setting 

may result from certain work-related processes, as well as showering. The groundwater 

inhalation pathway is not complete for current residents or workers because there are 

currently no wells near Areas F, G, R, or S/T. 

3.2.5.3.1 As with groundwater ingestion and direct contact, the groundwater inhalation 

pathway is considered complete only for future workers and is evaluated for this receptor at 

all five of the areas. The future worker scenario assumes that a worker will inhale 

groundwater VOCs while showering. Although unlikely, this scenario is included in the BRA 
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so that the potential risks associated with groundwater VOC contamination at the study areas 

may be quan&tively evaluated. 

3.2.5.4 Soil Dermal Contact Pathway 

Although soil contamination at the five study areas has been detected deep below the surface 

in many cases, certain COPCs have been found in surficial samples. The pathway of direct 

dermal contact with soil at the study areas must therefore be considered complete for areas 

with potential human receptors. The dermal exposure route for soil is evaluated for a person 

currently working at the building adjacent to Area F, as well as a maintenance worker at 

Area T. Direct soil exposure is evaluated for a future worker at all five study areas. 

3.2.5.5 Soil Investion Pathway 

The soil ingestion pathway considers incidental direct ingestion of contaminated soils. This 

pathway may occur during hand-to-mouth activities, such as smoking or eating after coming 

in contact with soil. The direct ingestion pathway is considered complete for areas with 

potential human receptors due to the presence of COPCs in surficial soils at all five study 

areas. Incidental ingestion of soil is also evaluated for a person currently working at the 

building adjacent to Area F and a maintenance worker at Area T. 

3.2.5.6 Soil Inhalation Pathway 

Inhalation of COPCs in soils can occur from 2 sources: (1) inhalation of chemicals that have 

volatilized from soil to ambient air, and (2) exposure to fugitive dusts generated from surficial 

soils due to wind or study area activities. Pathway number 1 is usually only of concern 

where there are buildings located on top of the contaminated media and inhalation exposure to 

indoor air may occur. VT concentrations in outdoor ambient air are typically reduced by 

wind and atmospheric breakdown processes to undetectable levels, which is supported by the 

finding that no VOCs were detected by field teams during sampling efforts (G&M, 1991a, 

1992a). Consequently, inhalation of ambient chemical vapors has not been quantified. 

3.2.5.6.1 Inhalation of fugitive dusts is considered a complete pathway and is evaluated for 

study areas F, G, R, and S/T, as all of these study areas, although heavily vegetated, are not 

paved. 



3.2.5.7 $kdiment/Surface Water Dermal Contact Pathway 

Incidental dermal contact with McDonald Creek sediients and surface water adjacent to Area 

G is evaluated for current recreational (while fishing) and future worker (during breaks) 

exposures. Study areas other than Area G either did not have sediment or surface water 

samples or the sediments and surface water were part of a wetland system. 

3.2.5.8 &diment/Surfac.k Water Inpestion Pathway 

As with the sediment/surface water dermal exposure pathway, incidental ingestion of sediment 

and surface water is evaluated only for current recreational and future worker exposures to 

McDonald Creek adjacent to Area G. 

3.2.5.9 Fish InPestion Pathway 

Persons recreating at McDonald Creek adjacent to Area G may potentially be exposed to 

COPCs if they ingest fish caught from the creek: No samples of actual fish tissue are 

available; therefore, fish concentrations were modeled using the surface water levels found in 

McDonald Creek. The recreational fish ingestion pathway is considered to be complete for 

Area G and is quantitatively evaluated in this BRA. 

3.2.6 IDENTIFICATION OF POTENTIAL, ECOLOGKAL EXPOSURE PATHWAYS 

Animals may be present in or on the soil and, depending on their physiological capabilities 

and behavior, may migrate or burrow between various contaminated soil layers. They may 

also migrate between various contaminated areas. Potential exposure pathways for animals 

from contaminated soils may include the following: 

1. Dermal contact by burrowing animals; 

2. Ingestion of contaminated soils; 

3. Inhalation of contaminated wind-borne dusts; 

4. Dermal exposure from contaminated soil particles adhering to skin, fur, or 
, 

feathers; 

5. Inadvertent consumption of soils via digging and burrowing activities; 

6. Ingestion of animais or plants on which contaminated soils adhere; and 

7. Ingestion of contaminated prey items, plants, and animals by resident and 

nonresident consumers. This pathway would be most applicable to predatory 

animals for COPCs that are significant bioaccumulators. 
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3.2.6.1. At Area G, limited contact with surface water may provide an exposure pathway to 

terrestrial organisms. Terrestrial animals may be exposed to a contaminant from surface 

water as follows: 

1. Dermal exposure and absorption to animals washing, wading, swimming, or 

feeding in contaminated~water; 

2. Ingestion of contaminants in solution or suspension by animaIs; 

3. Ingestion of contaminants retained on skin, fur, or feathers via preening; and 

4. Ingestion of contaminated prey organisms (due to the extremely limited nature of 

the surface water, consumption of aquatic prey is unlikely). 

3.2.6.2 Aquatic species would be exposed via uptake across cellular membranes (algae) and 

digestive and/or gill surfaces (invertebrates or vertebrates). 

3.2.6.3 Sediients near Area G, particularly fine-grained sediients in depositional 

environments, often act as a sink for contaminants. These bottom sediments may provide an 

exposure pathway to terrestrial animals near Area G, especially since these are generally 

exposed (e.g., not covered by water). Benthicdwelling organisms would have constant 

exposure. Potential exposure pathways via bottom sediments may include the following: 

1. Dermal exposure to wading animals, bank inhabitants, and benthic species; 

2. Ingestion of contaminants retained on skin, fur, or feathers via preening and 

feeding activities; 

3. Consumption of contaminated prey or food items; and 

4. Ingestion of contaminated porewater via digestive system and/or across gill 

surfacti by benthic dwelling species. 

3.2.6.4 Plants are also ecological receptors at RSA. However, observations from the site 

visits revealed the following: 

1. Significant portions of the areas evaluated are pine plantation or maintained fields 

of characteristically low diversity, and 

2. Natural areas appeared to consist of diverse native plant communities with 

composition and relative dominants not distinguishable from reference sites. 

3. The areas under study are man:made disturbances such as constructed landfills, 

‘and thus are not conducive to providing habitat for native plant species. 

PlRsAlBRAW.47 
07/03/95 j-47 



3.2.6.5 For the purposes of this BRA, screening evaluations as to the risks to ecological 

receptors refer to risks to fauna only with potential impacts to plants discussed only 

qualitatively. The risks to terrestrial animals, birds, and aquatic species are discussed later in 

this BRA. 

3.2.6.6 of the many potential exposure pathways for terrestrial ecological receptors that are 

discussed previously, only the ingestion of contaminants in surficial soils was quantified in 

this BRA. The dose of contaminants received from direct ingestion of soil in the diet is 

expected to account for the most significant portion of the exposure, especially since the 

primary exposed population is small mammals. Uptake of contaminants into plant structures 

is possible, but is limited for many contaminants due to the physiological structure of the root 

system. In any case, observations at the site have shown that the onsite vegetation, while 

providing cover, is low in food value. Therefore, the exposure to COPCs through the 

ingestion of plants is considered to be minimal compared to the direct ingestion of 

contaminants in soil. 

3.2.6.7 The methods for the estimation of dermal absorption of contaminants into animal 

tissue are currently under development for use in risk assessment. This is also the case for 

the quantification of risks due to the inhalation of particles. Site-specific observations have 

led to the conclusion that small mammals (herbivores) represent the primary exposed 

population at the study areas. Food chain pathways have not been modeled for this screening 

evaluation because the small size of the study areas relative to the foraging ranges of potential 

predators suggests that the contribution of food from a study area to the diet of a predator 

would be very small. For example, it is estimated that Areas F, G, R, and S/T would 

support 0.01, 0.01,0.02, and 0.04 red-tailed hawk breeding pairs, respectively. With their 

large home ranges, any resident hawks would have to obtain most of their food offsite. In 

addition, the COPCs included for further quantitative analysis are not strong bioaccumulators. 

Nevertheless, the potential for bioaccumulation will be qualitatively discussed. The 

quantification of risks to terrestrial and avian species is therefore limited to the evaluation of 

risks due to the ingestion of contaminated soils. 

3.2.6.8 The evaluation of risks to aquatic species is accomplished through the comparison of 

surface water concentrations with water quality standards and ecotoxicity benchmarks. 
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Surface water quality standards are designed to be protective of even the more sensitive 

species that may be present in the ecosystem. This evaluation of surface water concentrations 

occurs in the ecological risk characterization section. 

3.3 QUANTIFICATION OF EXPOSURE 

Quantifying the magnitude of exposure and assessing the frequency and duration of exposure 

to the population, involves two stages: (1) exposure concentration estimation, and 

(2) pathway-specific intake estimation. The following sections present the application of these 

two stages as they pertain to RSA. 

3.3.1 EXPOSURE CONCENTRATIONS 

Exposure concentrations are the contaminant concentrations that a receptor may come in 

contact with at a study area. Exposure concentrations, either the maximum concentration or 

upper 95th confidence limit of the mean (‘UC&J, were previously calculated for all exposure 

media as part of the Phase I and Phase II RPI reports. According to the RPI reports, these 

exposure concentrations were estimated based on RAGS methods, thus, they were obtained 

directly from the G&M RPI reports and used in this BRA for evaluating both human and 

ecological risks. With the exception of Area R where only Phase I samples were collected, 

all UCL, concentrations were based on combining relevant data from both the Phase I and 

Phase II investigations. The UCL, concentrations were calculated as follows (G&M, 1992): 

UC&, = x + t&/ii) (3-1) 

where: ii= 

t = 

(Y= 

S = Population standard deviation = ds2 

n 
Sample arithmetic mean = 1 C xi 

n i=l 

“t” values are from Student’s t distribution and is based on (n-l) 

degrees of freedom (df). 

The probability of a Type I error which is equivalent to rejecting the 

null hypothesis (Ho) given that H,, is true; in this case, 01 = 0.95 which 

is equivalent to a one-tailed confidence interval with a probability of a 

Type I error at 0.05. 
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n 
s2 = Population variance = 1 C (x,-X)~ 

n i=l 

ll = number of samples 

3.3.1.1 For those constituents with concentrations below detection limits, one-half of the 

detection limit was used in the calculation. Because the upper control limit &JCL) calculation 

uses values tir undetected constituents that are equal to one-half the reported detection limit, 

the calculated UCL can be significantly affected by samples where matrix interferences have 

resulted in sample dilution and significantly elevated detection limits have been reported. In 

some instances, these elevated detection limits result in an UCL exceeding the maximum 

concentration of the constituent detected. In these cases, the maximum detected concentration 

(MDC) instead of the UCL was used for quantifying health risks (Appendix B). 

3.3.1.2 Constituents that were classified as undetected due to contamination in laboratory or 

field blanks were included in the risk analysis. The concentrations used were equal to the 

qualified value rather than one-half the undetected values to provide a conservative estimate of 

the risk associated with those constituents whose presence or absence could not be firmly 

established. 

33.13 A summary of the UCL, concentrations obtained from the RF1 reports and 

subsequently used in this risk assessment are presented’ in Appendix B. Because the ingestion 

of fish caught near Area G was not evaluated ,as part of the RFIs (G&M, 1991; 1992), a 

single set of exposure concentrations were calculated. The fish tissue concentrations were 

calculated by multiplying a bioconcentration factor (BCF) by the UCL, in surface water. 

BCFs are listed in Table 3.3-l. 

3.3.1.4 G&M (1991 and 1992) calculated the normal distribution-based UCLs under RCRA 

RFI guidance. However, current CERCLA BRA guidance recommends lognormal 

distribution-based UCLs for most environmental data (EPA, 1992a). Section 5.5.2, 

Uncertainty Associated with Exposure Assessment, provides examples that illustrate the 

impact of the use of normal versus lognormal distribution-based UCL equations. 
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3.3.2 CHEMICAL INTAKES FOR HuMANExPo- 

Chemical intake is the amount of the chemical contaminant entering the receptor’s body. To 

estimate a reasonable maximum exposure (RME), upperbound (upper 90th or 95th) percentile 

exposure factor values were used, where available. The exposure concentrations from the 

study area were estimated using the UCL, data from the reports which were completed for 

RSA. The formulas used to calculate human pathway-specific chemical intakes were based on 

the generic intake equation presented in RAGS (EPA, 1989) and can be presented as follows: 

I = CxCRxEFxED 
= OwlW~~ 

BWxAT 
(3-2) 

where: I = intake, the amount of chemical at the exchange boundary; 

C = chemical concentration, the average concentration contacted over the 

exposure period (e.g., mgL for groundwater); 

CR = contact rate, the amount of contaminated medium contacted per unit time 

or event [e.g., liters per day (L/day)]; 

EF = exposure frequency (days/year); 

ED = exposure duration; 

BW = body weight, the average body weight of the exposed individual 

Filogr~ 01; and 
AT = averaging time, period over which exposure is averaged (days). 

3.3.2.1 Because the exposure conditions differ for each receptor location, study-area-specific 

exposure factors, as well as standard default exposure factors,. were incorporated into the 

generic formula for each exposure pathway to produce a set of chemical intake formulas for 

each study area. When applying study-area-specific exposure factors, best professional 

judgement was used to derive these values. For example, based on an evaluation of the 

meteorological data for the study area, exposure factors for recreational exposure were 

derived (Le., exposure frequency and duration, surface area of skin available for contact). 

The study area-specific and chemical-specific intake formulas, along with the intake factors 

used for the intake estimations, are described in detail in Appendix C. Appendix D presents 

the human intake estimates. 
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3.3.3 ECOLOGICAL IZECEPTOR WAKES 

The process for evaluating potential health risks to terrestrial and avian wildlife is similar to 

the procedure for evaluating health risks to humans. The exposure points, exposure 

concentrations, and potential uptake routes are identified, the chemical intakes are calculated, 

and the health risks are determined. The main differences between evaluating ecological and 

human health risks are that: (1) while the objective of the human health risk assessment is to 

protect the individual, the objective of the ecological risk assessment is to protect the 

population, and (2) although acceptable human exposure levels are available for many 

chemicals, acceptable doses have not been determined for the majority of ecological receptors. 

3.3.3.1 For most of the terrestrial organisms found at ,the study areas, home ranges are large 

relative to the extent of contamination; however, for an upperbound estimate of risk, the 

home range of mice, raccoons, deer, and bobwhites was assumed to be the size of the 

contaminated area. While this assumption is overly conservative, if no risk is exceeded, then 

more site-specific studies are not warranted (i.e., food chain; biomagnification studies, site- 

specific exposure analysis). The exposure concentrations calculated for human exposure 

(Section 3.3.2) were also used for evaluating ecological exposure. Although mean 

concentrations are thought to be more relevant due to the extent of the populations and the 

mobility of individuals, for this BRA the conservative assumption was made that exposure 

point concentrations for terrestrial and aquatic receptors were assumed to be the lesser of the 

UCL, or maximum observed concentrations. (Exposure concentration values for each 

medium at each site are provided in Appendix B.) 

3.3.3.2 The basic intake formula for ecological exposure to soil is identical to the formula 

for human intake presented in Equation 3-2 (Sec. 3.3.2) with the “CR” or “IR” term given in 

units of kg/day, the “C” term expressed in mg/kg, and the “ED” term expressed in years. 

Because the actual exposure (including entry route, duration, and concentration) for terrestrial 

organisms at the study areas is unknown, exposure pathways were developed to estimate 

exposure doses that could then be compared with ecological benchmark concentrations. For 

this assessment, accumulation via the food web will not be quantified for terrestrial exposure. 

Because the COPCs at this site are not strong bioaccumulators, the concentrations of study 

area contaminants in prey items will be much less than surticial soil concentrations. 
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Therefore, the exposure of terrestrial organisms to soils is evaluated with a conservative 

intake versus dose scenario. 

3.3.3.3 Most ecotoxicity benchmarks for vertebrates are based on doses administered in feed 

or as a dose per kilogram of body weight. For these organisms, scenarios,were developed 

that assumed a portion of the ration was actually from soil ingested during foraging, 

burrowing, grooming, and related activities. This portion of the ration was included in the 

numerator of the intake equation (Equation 3-3). Intake parameters for each indicator species 

are presented in Table 3.3-2 and are described in the following sections. The soil intake 

values for each indicator species presented in Table 3.3-2 are muhiplied by the chemical 

exposure concentrations to yield the receptor-specific chemical intakes presented in 

Table 5.4-l. 

Z = C*ZR*EF*E%*soilfraction 3-3 
BW*AT 

3.3.3.4 Mouse--The pertinent exposure factors from EPA guidance (EPA, 1993) for the deer 

mouse (Peromyscus municulatur) are as follows: 
l Average adult body weight = 0.019 kilograms (kg) 
l Average food intake = 0.0038 kilograms/day (kg/day) 

l Mean natural life-span = 1 year 
l Amount of soil ingested in diet = 2 percent 

3.3.3.5 It was conservatively assumed that the mouse receives all of its diet from 

contaminated areas at RSA and that the mouse is exposed to the soils every day of its life. 

These assumptions, although conservative, should allow for the determination of an upper-end 

risk estimate. 

3.3.3.6 Raccoon-Pertinent exposure factors from EPA and other guidance for the raccoon 

(Procyon lotor) are as follows: 

l Average adult body weight = 5.7 kg (EPA, 1993) 
l Average food intake = 0.350 kg/day (Spector, 1956) 

l Mean natural life-span = 3 years (EPA, 1993) 
l Amount of soil ingested in diet = 9.4 percent (EPA, ‘1993). 
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3.3.3.7 It was conservatively assumed that the raccoon eats from contaminated areas at RSA 

every day and that 100 percent of its soil intake is contaminated. 

3.3.3.8 Deer-Pertinent exposure factors obtained from various sources for white-tailed deer 

(Odocoileus virginianus) include the following: 

l 

l 

Average adult body weight = 54 kg [calculated using data from a survey 

performed at RSA (MICOM, 1992), where a weighted average was taken for 

adult deer between the ages of 1.5 and 3.5+ years old, N = 3781. 

Average food intake = 0.972 kg of grass per day [estimated from the known 

ingestion rate for a cow (ESE, 1992) which was used to extrapolate to a 54 kg 

deer]. 

Mean natural life-span = 5 years [but the majority of adult deer that were killed 

during hunting activities at RSA were between 1.5 and 2.5 years old (USACE, 

19891. 

Amount of soil ingested in diet = 6.3 percent [extrapolated from another grazing 

herbivorous species, the jackrabbit based upon EPA (1993) exposure factors for 

jackrabbits]. 

3.3.3.9 The ingestion of vegetation and soil was conservatively assumed to occur every day 

of the deer’s life. The entire diet was assumed to come from areas with contaminated soils. 

3.3.3.10 Bobwhite Quail-The pertinent exposure factors from EPA guidance (EPA, 1993) 

for the bobwhite quail (CMnus virginianus) are as follows: 
l Average adult body weight = 0.174 kg (EPA, 1993). 

0 Average food intake = 0.014 kg food/day (EPA, 1993). 

l Amount of soil ingested in diet = 1 percent (based on feeding behaviors 

published by EPA, 1993, and study area-specific conditions that would preclude 

significant grit ingestion for such seed foraging birds). 

l Mean natural lifespan = 10 months (EPA, 1993). 

3.3.3.11 For this ecological RA it was conservatively assumed that the entire diet of the quail 

for this lo-month period is derived from areas with contaminated soils at RSA. 
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3.3.3.12 For aquatic organisms, chemical intake was not calculated. Surface water exposure 

concentrations were compared directly to an acceptable level (i.e., ecological benchmark). 

3.4 IDENTIFICATION OF UNCERTAINTIES IN EXPOSURE ASSESSMENT 

3.4.1 HUMAN EXPOSURE ASSESSMENT 

The most significant uncertainty in the RA is due to the exposure assumptions used to 

quantify the intake. Exposure pathways assumed at each of the five study areas are future 

projected scenarios, except for the current worker exposure scenario at Areas F and T and the 

current recreational exposure scenario at Area G. The duration of time spent at each source 

area is overestimated; for example, there are no known onsite workers who frequently come 

in contact with the contaminated portions of the study areas. A more Petailed description of 

uncertainties associated with exposure pathways is presented in Section 5.2. 

3.4.1.1 Because the UCb, calculations use values for undetected chemicals that are equal to 

one-half the reported detection limit, the calculated UCL can be significantly affected by 

samples where matrix interferences have resulted in sample dilution and significantly elevated 

detection limits. In some instances, these elevated detection limits result in an UCL, 

exceeding the maximum detected concentration of the chemical detected. In these cases, the 

maximum detected concentration was used as the RhIE concentration to evaluate study area 

risk instead of the UC&. 

3.4.1.2 In addition, inclusion of several subsurface samples [samples collected in soil borings 

designated as shallow (SB-A) at a depth of 2 to 4 I%] in the UCL, calculations for surface soil 

at Areas F and S/T may overestimate risk. These samples were included based on the 

assumption that the concentrations observed within the sample are present at 2 ft and not 

dispersed throughout the 2 to 4 ft horizon. 

3.4.2 ECOLOGICAL EXPOSURE ASSESSMENT 

Because the actual exposure (including entry route, duration, and concentration) for organisms 

at the study area is unknown, scenarios have been developed to estimate exposure doses. 

These estimated exposure doses can then be compared to benchmark concentrations, which 

are literature-derived values for the lowest concentration or dose of chemical causing an 

ecologically interpretable negative response to a test organism. Ecologically interpretable 
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negative responses may be either acute or chronic. They are responses such as lowered 

reproductive rates, lowered survival rates, etc. When possible, it is important to consider 

exposures to early life stages since in many species they are more susceptible to contaminated 

effects than adults. 

3.4.2.1 For surface water, the assumptions are that the organism is exposed to the surface 

water exposure concentration for a length of time corresponding to the benchmark test 

conditions. However, exposure is unlikely to be continuous for all organisms for several 

reasons as follows: 

1. 

2. 

3. 

Many aquatic organisms can swim into and out of contaminated zones, 

Exposure concentrations will fluctuate with changing water levels and other 

factors, and 

Many aquatic organisms such as chironomids spend only the larval portions of 

their life cycles in aquatic habitat. 

3.4.2.2 Such conditions and the continuous exposure assumption justify reduction of 

exposure durations in the exposure dose estimation step. However, because this scenario does 

not estimate potential uptake from sediments, pore water, or prey items, the exposure duration 

at a contaminated area was not reduced. It is assumed that these negate each other. 

3.4.2.3 Some data are now available in EPA publications concerning the amounts of soil that 

may inadvertently be ingested by animals during feeding, preening, burrowing, and other 

activities. The exposure scenarios developed for soil exposure to terrestrial organisms, which 

assume certain percentages of soil in the diet come primarily from EPA guidance (EPA, 

1993). The uncertainty involved with estimating the amount of soil in the diet is high, but the 

exposure factors are designed to over, rather than underestimate the intake of contaminants. 
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4.0 TOXICITY ASSl3SSMENT 

This section of the BRA weighs the available evidence regarding the potential for a particular 

chemical to cause adverse effects in exposed individuals, and provides an estimate of the 

extent of exposure and possible severity of adverse effects. The assessments used to develop 

toxicity values consist of two steps: (1) hazard identification, and (2) dose-response 

assessment. The hazard identification determines the potential adverse effects associated with 

exposure to a chemical as well as the types of potential health effects involved. In the dose- 

response assessment, quantitation of the toxicity values and estimation of reference dose 

values is performed. 

4.0.1 Since most of the COPCs detected at Areas F, G, R, and S/T. are well studied, 

toxicological assessments and water-quality criteria technical documents prepared by EPA 

1 served as the primary information sources on pharmacokinetics, human health effects, and 

effects on fish and wildlife. Toxicity factors [cancer slope factors (CSFs) for carcinogens and 

reference doses (RfDs) for noncarcinogens] presented in this section reflect current 

toxicological information available from EPA [Integrated Risk Information System (IRIS), 
: 1995; Health Effects Assessment Summary Tables (HEAST) EPA, 19941 and other sources. 

These factors are used to estimate risk and HI values in the risk characterization. 

4.0.2 Except for lead, the exposure levels of chemicals observed at Areas F, G, R, and S/T 

are more relevant to a chronic exposure scenario, as none of the identified contaminants are at 

high enough levels to warrant an acute or a.subchrouic toxicity criteria application. Lead is 

an exception, as some critical effects can be manifested at subchronic exposure levels, as a 

result, EPA has yet to establish RfDs or CSFs for lead. Thus, for risk characterization, lead 

was evaluated qualitatively (i.e., comparing to health-based guidance levels). A list of all 

criteria used for the relative risk calculations is included in Table 4.0-l. The RtDs and CSFs 

presented in this table are the values provided in IRIS (1995), HEAST (EPA, 1994), and 

other sources and have been rounded to two significant figures. A description of carcinogenic 

weight-of-evidence (WOE) classifications for potential carcinogens is presented as Table 4.0-2. 
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4.1 TOXICITY INFORMATION FOR NONCARCINOGENIC EFFECTS 

An RfD is an estimate (with uncertainty spanning approximately an order of magnitude) of a 

daily exposure to the human population (including sensitive subgroups) that is likely to be 

without an appreciable risk of deleterious effects if experienced continuously during a 

lifetime. RID is the toxicity value most often used to evaluate the noncarcinogenic impacts 

from exposure to chemicals. RfDs are specific to the route of exposure (i.e., an inhalation 

Rfl) is used for inhalation exposure), critical effect (developmental or systemic), and the 

length of exposure evaluated. Chronic RfDs are specifically developed to be protective 

against long-term exposure to a chemical. Subchronic RtDs are developed to characterize 

potential noncarcinogenic effects associated with shorter-term exposures. The derivation 

procedure for an RfD can be found in RAGS, Part A (EPA, 1989a) or other technical 

guidance documents for criteria development. 

4.1.1 The list of COPCs at Areas F, G, R, and S/T and their respective RfDs are presented 

in Table 4.0-l. The RfDs listed are the chronic RfDs, as Superfund guidance requires use of 

chronic exposure dose (RfD) levels. Chronic RIDS are applicable because: (1) the 

contaminant concentrations typically found at Superfnnd sites are low, and (2) the expected 

intake rate of contaminants is similar to the chronic dose levels administered to experimental 

animals in chronic toxicity studies. 

4.2 TOXICITY INFORMATION FOR CARCINOGENIC EFFECTS 

A CSF and the accompanying WOE determination are the toxicity data most commonly used 

to evaluate potential human carcinogenic risks. The methods used by EPA to derive CSFs or 

unit risks are described in RAGS, Part A (EPA, 1989a). For carcinogens, EPA usually 

assumes a nonthreshold response, or that at every dose level of a carcinogen some amount of 

adverse response occurs; no dose is believed to be risk-free. For carcinogens, EPA uses a 

two-part evaluation, determination of a WOE classification and calculation of a CSF. 

4.2.1 Generally, a CSF is a plausible upperbound estimate of the probability of a response 

per unit intake of a chemical over a lifetime. Toxicity to carcinogens can be expressed in 

several ways. The CSF is usually the U&s of the slope of the dose-response curve and is 

expressed as per milligrams per kilogram per day (mg/kg/day)‘. Toxicity values for 

PlRSAlBRAl-4.2 
02/20/95 .4-2 



carcinogenic effects can also be expressed as risk per unit concentration of the substance in 

the medium of exposure, referred to as unit risks. 

4.2.2 Toxicity profiles for the final CGCs (those chemicals associated with a HI 2 1 or a 

risk 2 lE-6 via any exposure pathway) are presented in Appendix E. 

4.3 CHEMICALS WITH UNAVAILABLE EPA TOXICITY VALUES 

4.3.1 CARCINOGENIC CHEMICD WITH NO ESTABLBHED CSJ! 

Several of the organic chemicals found at Areas F, G, R, and S/T are either known, 

suspected, or possible human carcinogens. A list of CSFs and WOE classifications for the 

carcinogens identified at Areas F, G, R, and S/T is presented in Table 4.0-l. 

4.3.1.1 Of the organic chemicals detected at Areas F, G, R, and S/T, butylbenzyl phthalate 

and 1,ldichloroethane are classified as Group C possible human carcinogens. These organic 

chemicals do not have EPA-determined CSF values; therefore, only the noncarcinogenic 

hazards associated with exposure to these organic chemicals are evaluated. In addition, no 

CSFs have been established for the potentially carcinogenic PAHs benx(a)anthracene, 

benzo(b)fluoranthene, chrysene, dibenz(ah)anthracene, and indeno(l,2,3-cd)pyrene. 

However, oral and inhalation CSFs can be derived based on the oral and inhalation values for 

benzo(a)pyrene and using the Toxicity Equivalency Factor QEF) Methodology proposed by 

EPA Region JV (EPA, 1992) and presented in the EPA Region JB Risk-Based Concentration 

Table, January to June 1995 (EPA, 1995). According to this methodology, the toxicity of 

potentially carcinogenic PAHs can be compared to that of benzo(a)pyrene using the following 

TEFs: 1 .O for dibenz(ah)anthracene; 0.1 for benz(a)anthracene, benzo(b)fluoranthene, and 

indeno(l,2,3-@pyrene; and 0.001 for chrysene. Therefore, multiplying the oral and 

inhalation CSFs for benzo(a)pyrene by the TEFs for the respective PAHs yields the following 

oral and inhalation CSFs: 7.3 and 6.1 (mgkglday)’ for dibenz(ah)anthracene; 0.73 and 0.61 

(mg/kg/day)“ for benz(a)anthracene, benxo(b)fluoranthene, and indeno( 1,2,3-cd)pyrene; and 

0.0073 and 0.0061 (mg/kg/day)-’ for chrysene. 

4.3.1.2 The oral and inhalation CSFs for tetrachloroethene and trichloroethene have been 

removed from IRJS (1995) and HEAST (EPA, 1994) pending further evaluation of their 

carcinogenic potential in humans. The CSF values presented for tetrachloroethene in 
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Table 4.0-l are from the 1991 Annual Update to HEAST (EPA, 1991a), while the values for 

trichloroethene are presented in an EPA Environmental Criteria Assessment Office (ECAO) 

Risk Assessment Issue Paper and have been adopted by EPA Region III (EPA, 1995). 

4.3.1.3 EPA has not developed an inhalation unit risk (UR) or CSF for p,p’-DDE (IRIS, 

1994; EPA, 1994a). To evaluate potential risks associated with inhalation of this pesticide, 

the inhalation CSF for its parent compound (p,p’-DDT) is used. The parent compound is 

known to be transformed to p,p-DDE upon intake by living things (ATSDR, 1989a). 

4.3.1.4 Of the inorganic COPCs at Study Areas F, G, R, and S/T, lead is currently classified 

as a Group B2 suspect human carcinogen. However, no CSF values are available for this 

metal and the potential carcinogenicity associated with exposure to this metal cannot be 

evaluated. Only the potential noncarcinogenic hazards associated with exposure to lead were 

evaluated. 

4.3.2 CHEMICALS WITH NO ESTABLBHED RF‘Ds , 

Noncarcinogenic effects were evaluated for all of the organic COPCs identified at Areas F, G, 

R, and S/T, including potentially carcinogenic chemicals. Most of the chemicals detected at 

Areas F, G, R, and S/T and considered as COPCs have final or interim toxicity values 

developed by EPA. 

4.3.2.1 The oral RfDs for benzene, 1,2dichloroethane, and trichloroethene and the 

inhalation RfDs for benzene and 1,2dichloroethane are interim values provided by ECAO and 

presented in EPA Region III’s Risk-Based Concentration Table, January to June 1995 (EPA, 

1995). The oral RfD for vinyl chloride is a minimum risk level (MRL) provided in ATSDR’s 

Toxicological Profile for Vinyl Chloride (1989). 

4.3.2.2 In addition, no human health-based values are available for bis(2-chloroethyl) ether; 

therefore, a provisional health-based value was developed. The oral value of 0.00075 

mg/kg/day for bis(2-chloroethyl) ether is based on an acute oral LDs for rats of 75 mg/kg 

(RTECS, 1995), an uncertainty factor of 10,000 (10 for sensitive human subpopulations, 10 

for animal-to-human extrapolation, 10 for acute-to-chronic extrapolation, and 10 to account 



for a study endpoint other than a NOAEL) and a modifying factor of 10 (accounts for the 

lethal endpoint of the study). 

4.363 For comparative purposes, the oral RfD for the PAH pyrene (0.03 mg/kg/day) was 

used to evaluate potential noncarcinogenic hazards associated with exposure to the PAHs 

benz(a)anthracene, benxo(a)pyrene, benxo(h)fluoranthene, benxo(ghi)perylene, chrysene, 

dibenz(ah)anthracene, indeno(l,2,3-cd)pyrene, and phenanthrene. The oral RfD for p,p’- 

DDT was used to evaluate exposure to p,p’-DDE. 
, 

4.3.2.4 EPA has determined that the inhalation RiD for l,l,l-trichloroethane is not verifiable 

and has removed this value from IRTS (1995) and HEAST (EPA, 1994). To evaluate 

potential hazards associated with inhalation of this volatile chemical, the inhalation RfD 

presented in the 1991 Aunual Update to HEAST (EPA, 1991a) is used. 

J 
4.3.2.5 In addition, no RIDS are available for the heavy metal lead. Due to the high toxicity 

of this metal in children, EPA recommends using a biokinetic uptake model (EPA, 1991b) on 

a site-by-site basis to evaluate blood-lead (PbB) levels instead of a RfD approach. 

4.4 ECOTOXICITY BENCHMARKS 

Risks to ecological receptors are quantitatively evaluated by comparing the chemical intake of 

a receptor to an assumed acceptable dose, or adjusted benchmark, for that chemical in the 

specific receptor. Adjusted benchmarks are derived from raw ecological benchmarks using 

the following equation: 

A&uted Benchmark = Raw Benchmark 
Applicable Uncertainty Factors 

4.4.1 Selected raw benchmarks for the COPCs at Areas F, G, R, and S/T were obtained 

from the available literature and are presented in Table 4.4-l. Raw benchmarks were chosen 

based on the following considerations: 

1. Including acute and chronic effects, 

2. Choosing results of tests using organisms as closely related taxonomically to 

representative receptors as possible, 

3. Choosing tests with ecologically relevant endpoints, and 
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4. Choosing tests conducted with an ecologically relevant exposure pathway. 

4.4.2 The preferred value sought was a chronic lowest-observed-adverse-effect level 

(LOAEL) in the indicator species or related organism. An uncertainty factor (UF) of 10 was 

applied to extrapolate toxicity data between species. For chemicals with no available chronic 

LOAEL, other values (e.g., an LD%, or concentration lethal to 50 percent of a study 

population) were used to derive an adjusted benchmark. A UP of 10 was applied to data for 

which the endpoint is from a lethal study. Because individuals may comprise a significant 

fraction of the population of rare, threatened, or endangered species, UFs for sensitive 

individuals are not applied for ecological risk characterization. Therefore, the maximum 

possible uncertainty factor used to develop an adjusted benchmark was 100. The adjusted 

benchmarks are provided in Table 4.4-2. 

4.5 UNCERTAINTIES RELATED TO TOXICITY INFORMATION 

The quantitative uncertainty (uncertainty factor and modifying factor) associated with each 

toxicity value is listed in Table 4.0-l. The greater the uncertainty factor/modifying factor, the 

greater the uncertainty behind applicability of the value to the environmental exposure 

conditions. In addition, while the method used for the development of CSFs assumes a 

nonthreshold approach, experimental evidence indicates that some of the potential carcinogens 

have dose-response curves that suggest a response threshold (Casarett and Doull, 1991). 

Values derived from sources other than IRIS are presumed to exhibit greater uncertainty 

because they have not been subjected to the same level of peer review. 

4.6 TOXICITY INFORMATION SUMMARY 

Table 4.0-l summarizes the toxicity information for all of the COPCs (all organic chemicals 

detected in all media; all inorganic chemicals detected in groundwater, surface water, and 

sediment; inorganic chemicals detected above background levels in soil) at Areas F, G, R, 

and S/T. Table 4.0-2 presents a description of WOES for potential carcinogens. 
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5.0 RISK CHARACTERIZATION 

I 

The objective of this risk characterization is to integrate information developed in the 

exposure assessment (Section 3.0) and the toxicity assessment (Section 4.0) into a complete 

evaluation of the potential and actual human health and ecological risks associated with 

contaminants at the areas of concern. The BRA evaluates the nature and degree of risk to the 

potential receptor populations described in Section 3.0. Wherever possible, risk estimates are 

derived for individual source areas as well as for the total contaminant contribution from the 

five study areas to aid in developing priorities for remedial action planning. 

50.1 The methods used in this risk characterization are based on those presented in EPA risk 

assessment guidance for human and ecological exposures (EPA, 1989a; EPA, 1989b; EPA, 

1991); Guidance on Ecological Assessment of Hazardous Waste Sites (EPA, 1989c), EC0 

Updates (issued intermittently by EPA to supplement RAGS), and EPA Region IV guidance. 

Uncertainties associated with each of the analyses are presented along with relevant 

calculations. These uncertainties may be attributed to several input factors such as lack of 

monitoring data, incomplete understanding of the mechanisms involved in contaminant 

transport, assumptions used in the IL4, or lack of toxicological information for a particular 

contaminant. 

5.1 METHODS FOR HUMAN RISK CHARACTERIZATION 

51.1 CARCINOGENIC RISK 

The potential risks associated with exposure to individual carcinogens are calculated using 

CSFs from IRIS and HEAST as presented in Section 4.0. The risk is the chemical intake 

value multiplied by the CSF. 

Risk = Ix CSF (5-l) 

where: Risk = probability for an individual developing cancer under the 

assumed exposure conditions (unitless), 

I = daily chemical intake averaged over a lifetime of 70 years 

(mg/kg/day), and 

CSF = carcinogenic slope factor, expressed in (mg/kg/day)-’ 
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5.1.1.1 The formulas and factors used to calculate the intakes are included in Appendix C. 

The intake values used for different pathways are included in Appendix D. The combined 

risk from exposure to multiple chemicals at a study area is evaluated by addition of resultant 

risks from different chemicals. 

Risk, = CRisk, P-2) 

where: Risk, = the sum of individual chemical risks, unitless probability; and 

Risk = the risk estimate for the i* chemical. 

5.1.1.2 Risks are also added across the pathways if the multiple exposures are to the same 

individual [e.g, a person working with the soil onsite could be exposed by both the potential 

exposure pathways (namely oral and dermal) and, if relevant, inhalation]; therefore, the 

pathways are additive. 

Risk from exposure to soil = Risk (exposure pathway,) + Risk (exposure 

pathwayJ + Risk (exposure pathway,) + . . . . + Risk (exposure pathway,) 

5.1.1.3 The study-area-specific carcinogenic risk estimates are determined using the UCL95 

concentrations and the exposure factors presented in Section 3.0. The potential risks resulting 

from exposure to the study area contaminants are compared with the EPA target cumulative 

risk levels. Acceptable exposure levels are the contaminant concentration levels that present 

an excess cancer risk of lo4 (1 in l,OOO,OOO) to lo-4 (1 in 10,000) to the exposed population, 

based on the dose-response information for each carcinogenic COPC (NCP) 40 Code of 

Federal Regulations (CFR) 300, 430:62]. 

5.1.1.4 When a cumulative carcinogenic risk (risk associated with exposure to a mixture of 

chemicals) to an individual receptor under the assumed exposure conditions at a Superfund 

site exceeds lo4 (1 in 10,000 excess cancer risk), CERCLA generally requires remedial 

action at the site (EPA, 1991a). If the cumulative risk is less than 104, action generally is not 

required but may be warranted if a chemical-specific standard that is risk-based [e.g., 

maximum contaminant level (MCL)] is violated. A risk-based remedial decision could be 

superseded by the presence of noncarcinogenic impact or environmental impact requiring 
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action at the study area. Therefore, based on EPA Superfund guidance (EPA, 1991a), the 

individual risks are compared to the lower bound of the acceptable risk range, lW, while the 

cumulative site-related carcinogenic risks at each area of concern are compared with the upper 

limit of permissible risk lo4 (1 in 10,000). 

51.2 NONCARCINOGENIC HI 

Noncarcinogenic health risks are estimated by comparing actual or expected exposure levels to 

acceptable concentrations. This is accomplished by calculating a noncarcinogenic hazard 

quotient @IQ). An HQ is the ratio of chronic daily intake of the study area contaminant and 

the RfD of the contaminant and is calculated as follows: 

(5-3) 

where: I = intake of contaminant (mg/kg/day), and 

RfD = reference dose of contaminant (mg/kg/day). 

5.1.2.1 The impact from the presence of multiple chemicals at a study area is considered 

additive of impacts from individual contaminants. Thus, the HI is equal to the sum of the 

HQs: 

4 4 4 
I 

HI = j---& + j---& + ..+ + j-g (5-4) 

where: Ii = Intake for the i* toxicant (mg/kg/day), and 

RfD, = reference dose for the i* toxicant (mg/kg/day). 

5.1.2.2 I and RfD are expressed in the same units and represent the same exposure period 

(i.e., chronic, subchronic, or shorter term). When the HI exceeds unity (l.O), there may be 

concern for potential health effects. An HI or HQ equal to or less than 1.0 indicates that it is 

unlikely for even sensitive populations to experience adverse health effects (EPA, 1989). 
.‘, 

While any single chemical with an exposure level greater than the toxicity value will cause the 
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HI to exceed unity, for multiple chemicals the HI can also exceed unity due to additivity of 

multiple chemical HQs. 

5.1.2.3 The HI is estimated for both carcinogens and noncarcinogens to obtain an assessment 

for the overall potential for noncarcinogenic health effects. The total HI is estimated for each 

COPC and is provided in Appendix I?. The study area-specific risk characterization for 

Areas F, G, R, and S/T are presented in the following sections. 

5.2 STUDY-AREA-SPECIFIC RESULTS OF HUMAN RISK CHARACTERIZATION 
FOR CURRENT AND FUTURE LAND USE 

Using the risk evaluation methods described previously, the exposure concentrations for the 

RME concentrations risk estimates were obtained for the noncarcinogenic and carcinogenic 

contaminants identified at each study area. The HI values for the noncarcinogens are 

presented separately from the risk values for the carcinogens. A discussion of the human HI 

and risk results are presented for each study area in the following sections and are 

summarized in Table 5.2-l. Tables 5.2-2 and 5.2-3 present the COPCs that are contributing 

significantly to excess risks at each area. Appendix F summarizes all the noncarcinogenic HIS 

and cancer risks at each study area. 

5.2.1 AREA F 

5.2.1.1 Current Land Use 

The current exposure scenario that exists at Area F is for a worker at the building adjacent to 

the study area who may be exposed to contaminants in surface soil. Based on the exposure 

assumptions evaluated, the current potential cumulative cancer risk associated with exposure 

to soil is approximately 5 x 10d, which is below the lower limit of the permissible cumulative 

risk of lo+. The cumulative HI for noncarcinogenic effects is 7 x lOA, which is well below 

the target HI of 1. 

5.2.1.1.1 These results indicate that Area F does not pose adverse health effects or risks to 

current workers based on the exposure information evaluated. In addition, the risk and HI 

associated with current worker exposure may be overestimated as several subsurface samples 

[samples collected in soil borings designated as shallow (SB-A) at a depth of 2 to 4 ft] were 

included in the UCL* calculations for surface soil. These samples were included based on 
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the assumption that the concentrations observed within the sample are present at 2 ft and not 

dispersed throughout the 2- to 4-ft horizon. 

5.2.1.2 Future Land Use 

The future exposure scenario evaluated at Area F is for a worker who may be exposed to 

contaminauts in surface soil and groundwater. Based on the exposure assumptions evaluated, 

the future potential cumulative cancer risk associated with exposure to groundwater, 3 x lo”, 

exceeds the upperbound acceptable risk limit of lOA (Table 5.2-l). Ingestion of arsenic 

comprises 96 percent of the groundwater risk while combined ingestion and inhalation of 

carbon tetrachloride and chloroform contribute 2.6 and 1.4 percent, respectively, to the total 

risk. Future worker exposure to soil at Area F may result in an increased cancer risk of 

5 x 10d, which is within the permissible cumulative risk range of 104 to lo-“. The soil cancer 

risk is due primarily to oral and dermal exposure to PAHs (64 and 34 percent, respectively). 

5.2.1.2.1 For noncarcinogenic effects, the cumulative HI associated with exposure to 

groundwater is 12, which exceeds the target HI of 1 (Table 5.2-3). This HI is due primarily 

to ingestion of mercury (approximately 90 percent) and arsenic (approximately 10 percent). 

The cumulative HI associated with future worker exposure to soil, 7 x lo-“, is well below the 

target HI of 1. 

5.2.1.2.2 These future risk and HI results indicate that groundwater at Area F may pose 

adverse health effects or risks to future workers based on the exposure assumptions evaluated 

(i.e., ingesting 1 L/day of water). 

5.2.2 AREA G 

5.2.2.1 Current Land Use 

The current exposure scenarios that exist at Area G are for recreational exposure (i.e., 

boating and fishing activities) to the surface water and sediments in McDonald Creek adjacent 

to the study area, as well as ingestion of fish caught during the recreational activities. Based 

on the exposure assumptions evaluated, current potential increased cancer risks associated 

with recreational exposure to fish, sediment,’ and surface water are 9 x lOa, 5 x lo-“, and 

4 x l@*, respectively, which are below the lower acceptable risk limit of lO& (Table 5.2-1). 

The cumulative His for noncarcinogenic effects from exposure to fish, sediment, and surface 
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water are 4 x UT’,2 x lo-6 and 2 x 10e3, respectively, for an adult and 8 x NJ”, 2 x 10m5 and 

5 x 10m3, respectively, for a child. All of these HIS are below the target HI of 1. 

5.2.2.1.1 These results indicate that Area G does not pose adverse health effects or risks to 

current recreational receptors based on the exposure information evaluated. 

5.2.2.2 Future Land Use 

The future exposure scenario that exists at Area G is for a future worker who may be exposed 

to contaminants in surface soil, groundwater, surface water, and sediment. Based on the 

exposure assumptions evaluated, the future potential cumulative cancer risk associated with 

exposure to all four media is 5 x 10-‘, which is below the upper cumulative permissible risk 

of 1oJ. The cumulative cancer risk associated with exposure to groundwater, which accounts 

for greater than 99 percent of the total study area risk, exceeds the lower permissible risk 

limit of lob and is due to ingestion of arsenic (Table 5.2-2). 

5.2.2.2.1 For noncarcinogenic effects, the cumulative HI associated with groundwater 

exposure, 1.8, exceeds the target HI of 1 due to ingestion of cadmium (35 percent), 

chromium (35 percent), barium (16 percent), and arsenic (14 percent) (Table 5.2-2). The His 

associated with exposure to surface soil, surface water, and sediment are 3 x 10d, 2 x lo”, 

and 2 x lad, respectively. All of these HIS are below the target HI of 1. 

5.2.2.2.2 Although no RfD or CSF has been established for lead, the groundwater 

concentrations can be compared to the EPA drinking water action level of 15 pg/L established 

under the Safe Drinking Water Act (SDWA). The groundwater exposure concentration of 

139 r(gn indicates that the potential for adverse impacts to human health from lead may result 

if the groundwater were to be used for potable purposes. 

5.2.2.2.3 The risk and HI results indicate that groundwater at Area G may pose adverse 

health effects or risks to future workers based on the exposure information evaluated. 
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5.2.3 AREA R 

5.2.3.1 Current Land Use 

No completed exposure pathways are evident for persons working near Area R. As the 

sewage lift station located adjacent to the study area is not situated on the rubble area, persons 

working in the building on an intermittent basis or maintaining the area around the building 

are not expected to contact study area chemicals. Therefore, this area was not evaluated for 

current exposure scenarios in the risk characterization. 

5.2.3.2 Future Land Use 

The future exposure scenario evaluated for Area R is for a worker who may be exposed to 

contaminants in surface soil and groundwater. Based on the exposure assumptions evaluated, 

the future potential cumulative cancer risks associated with exposure to groundwater and soil 

are 7 x 105 and 3 x lo”, respectively, both of which are below the upper permissible 

cumulative risk of lo4 but exceed the lower limit of 1U6 (Tables 5.2-l and 5.2-2). The 

groundwater risk is due primarily to ingestion of arsenic (51 percent) and bis(2-chloroethyl) 

ether (32 percent) and inhalation of chloroform (14 percent), while greater than 99 percent of 

the soil cancer risk is due to oral and dermal exposure to PAHs. 

5.2.3.2.1 For noncarcinogenic effects, the cumulative HI associated with groundwater 

exposure, 1.3, exceeds the target HI of 1 due to ingestion of chromium (45 percent), 

cadmium (18 percent), arsenic (15 percent), barium (8 percent), bis(2-chloroethyl) ether 

(6 percent), and chloroform (3 percent) and inhalation of chloroform (4 percent) 

(Table 5.2-2). The HI associated with exposure to surface soil is 4 x 104, which is below the 

target HI of 1. 

5.2.3.2.2 Although no RfD or CSF has been established for lead, the groundwater 

concentrations can be compared to the EPA drinking water action level of 15 pg/L established 

under the SDWA. The groundwater exposure concentration of 50 pg/L indicates that the 

potential for adverse impacts to human health from lead may result if the groundwater were to 

be used for potable purposes. 

5.2.3.2.3 The risk and HI results indicate that groundwater at Area R may pose adverse 

health effects or risks to future workers based on the exposure information evaluated. 
: 
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5.2.4 AREAS SAND T 

5.2.4.1 Current Land Use 

The current exposure scenario that exists at Areas S and T is for a maintenance worker at 

Area T who may be exposed to contaminants in surface soil while cutting grass. Based on the 

exposure assumptions evaluated, the current potential cumulative cancer risk associated with 

exposure to soil is approximately 2 x lo”, which is below the lower limit of permissible 

cumulative risk of 1W. The cumulative HI for noncarcinogenic effects is 3 x W, which is 

well below the target HI of 1. 

5.2.4.1.1 These results indicate that Area F does not pose adverse health effects or risks to 

current workers based on the exposure information evaluated. In addition, the risk and HI 

associated with current worker exposure may be overestimated as several subsurface samples 

[samples collected in soil borings designated as shallow (SB-A) at a depth of 2 to 4 ft] were 

included in the UCL, calculations for surface soil. These samples were included based on 

the assumption that the concentrations observed within the sample are present at 2 ft and not 

dispersed throughout the 2- to 4-ft horizon. 

5.2.4.2 Future Land Use 

The future exposure scenario evaluated at Areas S and T is for a worker who may be exposed 

to contaminants in surface soil and groundwater. Based on the exposure assumptions 

evaluated, the future potential cumulative cancer risk associated with exposure to 

groundwater, 8 x W, exceeds the lowerbound acceptable risk limit of lo-6 (Table 5.2-l); 

however, this risk is below the cumulative permissible risk of 1W for a single medium. This 

groundwater risk is due to oral, inhalation, and dermal exposure to several VOCs, including 

vinyl chloride (92 percent), chloroform (3 percent), 1,2dichloroethane (3 percent), and 

benzene (2 percent). Future worker exposure to soil at Areas S and T may result in an 

increased cancer risk of 4 x 10-9, which is below the lowerbound acceptable risk limit of lo6 

5.2.4.2.1 For noncarcinogenic effects, the cumulative HI associated with exposure to 

groundwater is 2, which exceeds the target HI of 1 (Table 5.2-l). This HI is due primarily to 

inhalation of benzene (55 percent) and chlorobenzene (34 percent), as well as ingestion of 

chlorobenzene (4 percent), vinyl chloride (2 percent), and cadmium (1 percent) (Table 5.2-3). 
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The cumulative HI associated with future worker exposure to soil is 6 x W, which is well 

below the target HI of 1. 

5.2.4.2.2 In addition, the exposure concentration for lead, 21.6 pg/L, exceeds the EPA 

drinking water action level of 15 pg/L, indicating that the potential for adverse health effects 

may exist if the groundwater is used for potable purposes. 

5.2.4.2.3 These future risk and HI results indicate that grouudwater at Areas S and T may 

pose adverse health effects or risks to future workers based on the exposure assumptions 

evaluated (i.e., ingesting 1 L/day of water). 

5.3 METHODS FOR ECOLOGICAL RISK CHARACTERIZATION 

Methods are only now being developed to quantify risks to aquatic and terrestrial ecosystems. 

Variability in population dynamics and other parameters is often great even under natural 

conditions. Data on study area ecological systems are seldom sufficient to perform a 

comprehensive analysis; however, comparisons of potential chemical intakes to 

ecotoxicological benchmarks can be achieved. Ecologists then evaluate the results to estimate 

the potential for adverse effects to the natural systems present at the site. As stated in 

Section 3.3.3, one important difference between ecological and human health evaluations is 

that the emphasis in nonhuman systems is placed on populations, communities, and 

ecosystems (unless the study area evaluation must include one or more rare or endangered 

species). Therefore, the potential effects predicted for individuals must be extrapolated to 

populations and interacting populations to evaluate the potential for measurable adverse 

impacts to the ecosystem. 

5.3.1 To evaluate potential risks to ecological receptors, the chemical intake for a particular 

indicator species (see Section 3.3.3) is compared to a chemical-specific adjusted benchmark 

derived for that species (see Section 4.4). The ratio of chemical intake to adjusted benchmark 

is known as the ecotoxicity quotient (EQ) and is calculated as follows: 

EQ= 
chemical htakz 

Ac&sted Benchmark 
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5.3.2 EQs less than 1 suggest that the benchmark effect is unlikely to occur in the individual; 

EQs greater than 1 require further evaluation. Although these EQs may indicate some 

potential for adverse effects to individuals, at this point, the potential for adverse effects to 

populations or ecosystems is qualified. Although the EQ method does not provide an estimate 

of uncertainty and is not an estimation of risk, it is commonly used for screening the potential 

for ecological effects from exposure to hazardous chemicals (EPA, 1988a). 

5.3.3 The appropriate media considered for these assessments are surface water, for 

evaluation of aquatic receptors; and surficial soil for evaluation of terrestrial receptors. 

Sediment exposure and bioaccumulation are evaluated qualitatively. 

5.3.4 For this assessment, exposure concentrations as calculated for human exposure 

(Appendix B) were also used for evaluating ecological exposure. To evaluate potential 

impacts to benthic (sediment-dwelling) organisms, aquatic benchmark values were compared 

to sediment pore water concentrations as estimated from sediment concentrations and from 

either: (1) organic partition coefficients (Kds) for inorganic contaminants, or (2) K, / organic 

carbon fraction (f,) for organic chemicals (Table 5.4-2). 

The formula used to estimate porewater concentrations was: 

(5-l) 

5.3.5 For the initial screening, EQs are calculated without regard for receptor home ranges; 

therefore, the initial EQs are conservative because they assume that the receptor is 

continuously in a contaminated area. Comparisons considering intermittent exposure due to 

the movement of animals through contaminated areas will reduce the EQs. 

5.4 STUDY-AREA-SPECIFIC ECOLOGICAL RISK CHARACTFZRIZATION 

The calculated EQs for terrestrial organisms are presented in Table 5.4-1. The calculated 

EQs for aquatic organisms are presented in Table 5.4-2. A comparison of study area surface 

water concentrations to AWQC is presented in Table 5.4-3. 

P/RsA/BRA14.10 
07/03/95 



5.4.1 AREA F 

5.4.1.1 Terrestrial 

The terrestrial risk characterization for the indicator species at Area F indicate that none of 

the COPCs exceed an EQ of 1. EQs less than 1 suggest that the benchmark effect is unlikely 

to occur to the individual under the exposure assumptions evaluated. EQs for COPCs that 

may bioaccumulate are significantly less than one. Since this pathway is expected to be small 

relative to the one estimated, no adverse effects are anticipated. 

, 
5.4.1.2 Aauatic 

All of the EQs for sediment- and water-dwelling aquatic organisms at Area F are less than 

one, which indicates that there is low potential for adverse effects to these aquatic organisms. 

EQs for COPCs that may bioaccumulate are significantly less than one. Since this pathway is 

expected to be small relative to the one estimated, no adverse effects are anticipated. No 

AWQC are available for barium, the only COPC detected in surface water. 

5.4.2 AREA G 

5.4.2.1 Terrestrial 

The terrestrial risk characterization for the indicator species at Area G indicate that none of 

the COPCs exceed an EQ of 1. EQs that are less than 1 suggest that the benchmark effect is 

unlikely to occur to the individual under the exposure assumptions evaluated. The COPCs 

present in soils do not represent a significant bioaccumulation potential. 

5.4.2.2 Aauatic 

The aquatic risk characterization for the indicator species at Area G indicate that none of the 

COPCs exceed an EQ of 1 for sediment or surface water. In addition, no exceedance of 

available AWQCs was observed. 1 

5.4.3 AREA R 

5.4.3.1 Terrestrial 

The terrestrial risk characterization for the indicator species at Area R indicate that none of 

the COPCs exceed an EQ of 1. EQs that are less than 1 suggest that the benchmark effect is 

unlikely to occnr to the individual under the exposure assumptions evaluated. EQs for 
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COPCs that may bioaccumulate are significantly less than one. Since this pathway is expected 

to be small relative to the one estimated, no adverse effects are anticipated. 

5.4.3.2 Aquatic 

The aquatic risk characteri&ion for the indicator species at Area R indicates that none of the . 
COPCs exceed an EQ of 1 for surface water or sediment. EQs that are less than 1 suggest 

that the benchmark effect is unlikely to occur to the individual under the exposure 

assumptions evaluated. 

5.4.4 AREAS S AND T 

5.4.4.1 Terrestrial 

, 

The terrestrial risk characterization for the indicator species at Areas S and T indicate that 

none of the COPCs exceed an EQ of 1. EQs that are less than 1 suggest that the benchmark 

effect is unlikely to occur to the individual under the exposure assumptions evaluated. EQs 

for COPCs that may bioaccumulate are significantly less than one. Since this pathway is 

expected to be small relative to the one estimated, no adverse effects are anticipated. 

5.4i4.2 Aquatic 

Substantial amounts of water may pool at Areas S and T during periods of heavy 

precipitation; however, surface water is not typically present. An aquatic risk characterization 

was not performed as wetland species are not present in this area. 

5.5 SUMMARY OF UNCERTAINTIES ASSOCIATED WITH THE BRA 

The risk measurements used in Superfund study area RAs are not full probability estimates of 

risk but are conditional estimates given a set of assumptions about exposure and .toxicity. 

Therefore, it is important to fully specify the assumptions and uncertainties inherent in the RA 

- to place the risk estimates in proper perspective (EPA, 1989). Uncertainty analysis is also 

essential for an FS. 

5.5.0.1 A qualitative uncertainty analysis of each RA component is sufficient for most study 

areas MGS (EPA, 198911. Table 5.6-l presents the potential uncertainties inherent in the 
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RA process. A study&ea-specific discussion of these individual components is summarized 

in the following sections. 

5.5.1 UNCERTA.lNTRB ASSOCIATED WITJ3 HAZARD IDENTIFICATION 

5.5.1.1 Uncertainties Associated with Data Collection 

Groundwater is the only media for which an unacceptable risk level occurs in Areas F, G, R, 

and S/T. The purpose of this section is to identify uncertainties in the groundwater data 

collected during the RFI. Selection and design of the appropriate remedial alternatives to 

address these unacceptable risks will be performed during the FS and remedial design @D) 

phase. The RD process will require adequate data characterization for the following: 

1. Horizontal and vertical extent of contamination; 

2. Groundwater flow direction and gradients; and 

3. Hydrogeologic characteristics of the multi-zone aquifer system and aquifer 

parameters such as transmissivity, specific yield, and storage coefficient. 

5.5.1.1.1 To fulfill these data requirements, additional data collection will be performed 

during the RD process. 

5.5.1.1.2 The following sections address specific groundwater data uncertainties for each of 

the five study areas and identify the anticipated impact these uncertainties may have on the 

calculated risk levels. 

5.5.1.1.3 An unacceptable risk level is caused by elevated levels of arsenic, carbon 

tetrachloride, and mercury in site groundwater. The three water bearing zones at Area F are 

the shallow (perched), the overburden, and the bedrock (deep) aquifers. Some uncertainty 

remains in establishing the direction of groundwater flow in both the overburden and bedrock 

aquifers at the site. The regional direction of groundwater flow in the overburden zone is 

south, toward the Tennessee River, however the RF1 determined that seasonal conditions in 

the overburden zone may create a northeasterly direction of flow during some periods In 

addition, the RFI finclmgs noted that the groundwater flow direction in the bedrock zone could 

not yet be determined. Therefore, data collection during the RD phase will confirm the 

groundwater flow direction at the Area F. 
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5.5.1.1.4 The horizontal extent of contamination in the shallow aquifer will also be a focus 

during RD data collection efforts. Only one of the 12 wells installed at Area F is a shallow 

aquifer well. This well is located immediately north of Area F and arsenic was the only 

COPC detected above acceptable risk levels. Conclusions about the extent and distribution of 

arsenic in the shallow aquifer cannot be made from a single data point. The impact of’this 

data uncertainty on the calculated risks at Area F is the potential for an undercalculation of 

risk. It is possible that higher concentrations of arsenic may be present in the shallow 

aquifer downgradient of the site, therefore, this data uncertainty may cause an underestimation 

in the calculated risk at Area F. 

5.5.1.1.5 The overburden aquifer has been also been impacted by past activities at the area. 

The highest concentrations of all three COPCs were detected in the overburden aquifer at 

Area F. The RF1 has determined that the extent of contamination has been defined on the 

east, southwest, and west ‘sides of the site by low levels of arsenic and carbon tetrachloride 

(G&M, 1992a). Additional data collected during the RD may include definition of the extent 

of contamination on the south and southeast sides of the site, where it is currently undefined. 

As stated previously, for the case of the shallow aquifer, the impact of this data uncertainty 

on the calculated risks at Area F is the potential for an undercalculation of risk. Undefined 

extent of contamination data on the presumed downgradient side of the site may underestimate 

the actual COPC concentrations used in the risk calculation and thus underestimate the risk. 

AlWlG 

5.5.1.1.6 -Elevated levels of barium, cadmium, lead, and chromium are present in 

groundwater at Area G that pose an unacceptable risk level. The same 3-layer aquifer system 

described for Area F is also present at Area G. Water levels in the shallow and overburden 

aquifer indicate an easterly groundwater flow direction toward the creek (G&M, 1992a). The 

RF1 also noted that the groundwater flow in the bedrock zone was not determined. Data 

collection during RD may involve additional groundwater level measurements to confirm RF1 

findings for the shallow and overburden zones. 

5.5.1.1.7 The shallow aquifer data for Area G consists of three wells, all located in close 

proximity on the eastern side of the site. Only one of these three wells had COPC 

concentrations at levels that pose an unacceptable risk. The data collected during the RD 

PmsA.lBRA1-5.14 
07/03/95 5-14 



phase may include further delineation of the extent of contamination in both the shallow and 

overburden aquifers o 

5.5.1.1.8 Four of the five overburden wells had COPC concentrations at levels that pose an 

unacceptable risk. While the highest concentrations were found in the overburden well near 

the center of Area G, the most easterly (downgradient) overburden well had cadmium and 

chromium levels in the unacceptable risk range. The downgradient extent of contamination 

for these metals will be defined during the RD phase and may include collection of additional 

data north, south, and west of the property where there are currently no data points. The 

impact of this dam uncertainty on the calculated groundwater risks at Area G is the potential 

for an undercalculation of risks. Incomplete extent of contamination data may underestimate 

the actual COPC concentrations used in the risk calculation and thus underestimate the risk. 

5.5.1.1.9 Elevated groundwater concentrations of cadmium and chromium at Area R pose an 

unacceptable risk level. One water-bearing zone, the overburden aquifer, was investigated at 

Area R during the RFI. The groundwater flow direction in the overburden zone is reported 

in the RI to be easterly. Data collection efforts during the RD phase will include 

confirmation of the reported groundwater flow direction in the overburden aquifer. 

5.5.1.1.10 Three of the six overburden wells at Area R had cadmium and chromium 

concentrations above an acceptable risk level. While the highest concentrations were found in 

the overburden well near the center of Area R, the most easterly (downgradient) overburden 

well had cadmium and chromium levels in the unacceptable risk range. The downgradient 

extent of contamination will be defined during the RD phase and may include collection of 

additional data north, east, and west of the site. The impact of this data uncertainty on the 

calculated groundwater risks at Area R is the potential for an undercalculation of risks. 

Incomplete extent of contamination data may underestimate the actual COPC concentrations 

used in the risk calculation and thus underestimate the risk. 

Areas SandT 

5.5.1.1.11 An unacceptable risk level exists in groundwater at Areas S and T due to elevated 

levels of benzene, vinyl chloride, lead and chlorobenzene. Three water-bearing zones were 
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investigated during the RF1 including the shallow (perched), overburden, and bedrock 

/ _-’ aquifers. 

5.5.1.1.12 Some uncertainty remains in determining the groundwater flow direction in the 

overburden and bedrock zones. The regional groundwater flow direction in the overburden 

zone is southerly, toward the Tennessee River, however the RH determined that seasonal 

conditions in the overburden zone may create a northerly direction of flow during some 

periods (G&M, 1992a). In addition, the groundwater flow direction in the bedrock zone 

exhibited seasonal reversal. Therefore, data collection during the RD phase will contIrm the 

groundwater flow direction at this area. 

5.5.1.1.13 The higher levels of chlorobenzene and benzene at Areas S and T are in the 

shallow perched water-bearing zone. The RF1 determined that the extent of the contamination 

in the perched zone remains undefined on the west side of Areas S and T (G&M, 1992a). 

Also, the extent of contamination in the deeper zone remains to be completely defined by 

additional data (G&M, 1992a). Therefore, data collection during the RD phase will focus on 

these data uncertainties. The overall impact of these uncertainties in the actual extent and 

distribution of groundwater contamination is a potential underestimation of the actual risks 

because higher COPC concentrations may be present at the site, but are not included in the 

current risk calculation. 

5.5.1.2 Uncertainties Associated with Data Evaluation 

As with most NPL sites, the data used for this BRA were collected over time and by different 

contractors using different QA/QC procedures outlined in regulator-approved work plans. 

This accounts for the variation in the analytical methods used and detection limits reported. 

The air sampling collected during test pit excavations were included for evaluation of potential 

inhalation exposure to vapors. The uncertainty associated with the vapors released during the 

excavations is high, as the field screening measurements are not compound specific. 

5.5.1.2.1 Automation of the data evaluation reduces associated uncertainty as detection limits 

are automatically halved and the comparison of the UCL, to the maximum concentration is 

automated to reduce human error in making these numerous comparisons. 
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5.5.1.2.2 There is a possibility that a COPC or a toxic metabolite was not identified through 

the sampling and analytical process or that the results are not an accurate representation of the 

concentrations that occur onsite. However, this uncertainty is greatly reduced by including all 

positively detected organic chemicals as COPCs in the exposure and risk analysis, as is the 

case for this evaluation. Another potential source of uncertainty associated with the data set 

used in this evaluation is that the sampling was conducted over different time periods by 

different contractors using different approved work plans. Such samples were analyzed using 

different analytical methods and detection limits, which contribute to the uncertainty in the 

chemicals detected and their concentrations. 

5.5.1.2.3 Another source of uncertainty resulting in overestimates of risk is due to 

extraneous contamination introduced during sampling or analysis. For example, bis(2- 

ethylhexyl)phthalate, acetone, and methylene chloride were frequently detected and were 

included as COPCs, although these compounds could be laboratory artifacts and not study 

area-related. 

5.5.2 UNCERTAINTY ASSOCIATED WITH EXPOSURE ASSESSMENT 

5.5.2.1 Human Exnosure Uncertainties 

The applied exposure concentration estimates may result in overestimates 6f risk, if 

contaminant levels at receptor points are decreasing with time. The exposure scenarios 

developed in Section 3.0 are based on information available from previous reports and from a 

site visit conducted by FSE in May and June of 1994. The surface water-use exposure 

scenarios developed in the exposure and risk analysis for Area G incorporated a variety of 

exposure routes based on visual observations as well as historical meteorological information. 

Some of the exposure scenarios are currently not complete, but were included as conservative 

estimates of future exposure such as an &hour work day at all five areas to include use of 

groundwater for potable purposes (i.e., ingestion and washing). 

5.5.2.1.1 Considerable uncertainty is associated with the quantification of exposure. The 

exposure factors used most frequently are those default assumptions from EPA sources. 

When necessary, study-area-specific information is incorporated to reduce the uncertainty. 

However, for air contaminant concentration and fish contaminant concentration estimations, 

the parameters used were conservative estimates. For instance, methods to estimate inhalation 
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exposure to volatiles, suspended particulates, or dust may overestimate intake and risk. In 

addition, the contaminants in fish are assumed to be distributed equally throughout the whole 

body. Also, the realistic intake concentrations from the consumption of fish will be lower 

than the estimated values due to cooking. The monitored lipid content in fish is well below 

the assumed or modeled fish lipid content, which is important for BCF calculations. 

5.5.2.1.2 Reduced exposure by any or all routes would be expected if the future worker was 

not spending the entire exposure time at the contaminated portion of the area and did not use 

the groundwater at that area for potable purposes. As described in the exposure assessment 

(Section 3.0), potentially exposed populations at Area G include RSA personnel and their 

families, as well as other persons using the surface water near the study area. Certain 

individuals may be more sensitive to the adverse effects of contaminant exposure because of 

poor health, age, or other factors. The contaminants of interest in this area, however, are not 

known to specifically impact certain segments of the population, such as young children. The 

degree of conservatism in the assumptions and analyses for surface-water-use pathways is 

anticipated to reasonably protect potential receptor populations. 

5.5.2.1.3 Exposure concentrations used for groundwater are based on unfiltered groundwater 

samples, as per EPA regionwide (1989) and Region IV (1991) guidance. However, risks to 

future groundwater users would be much lower if exposure was based on filtered 

groundwater. For example, the dissolved metals concentrations at Areas G and R were 

significantly lower than the total metals concentrations. This indicates that future groundwater 

users could be protected from an unacceptable risk simply by filtering the groundwater prior 

to use. 

5.5.2.1.4 As mentioned in Section 3.3.1.4, the exposure concentrations used in this BRA 

were adopted from the normal distribution-based UCbs as calculated for the RF1 under 

RCRA. Table 5.5-l provides an example of the impact of using normal distribution-based 

UCL, equations instead of lognormal distribution-based UCL, equations for groundwater 

exposure at Area P. If the lognormal distribution-based UCL, value exceeded the maximum 

concentration, the maximum concentration was used in calculating percent differences from 

the normal distribution-based UCL, as calculated by G&M. 
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5.5.2.1.4.1 As seen in Table 5.5-1, the largest observed lognormal or maximum to normal 

ratios were for arsenic and mercury at 2.74 and 4.29, respectively. Note that these two 

metals were the only constituents from the groundwater at Area P where the lognormal 

distribution-based UCL, equation produced a value which exceeded the maximum 

concentrations 

5.5.2.1.4.2 Of the ten analytes’ concentration data, only arsenic fits the lognormal 

distribution. However, the lognormal distribution was a better fit than the normal distribution 

in all cases except for cadmium. 

5.5.2.1.4.3 Table 5.52 provides intake and reasonable maximum exposure hazard index 

@MEHI) values for arsenic and mercury. The RMEHI for oral exposure to arsenic was 

4,7E+O using the maximum concentration compared to 1.3E+O using the normal 

distribution-based UCb5 equation. The RMEHI for dermal ingestion of arsenic was 1.7E-2 

using the maximum concentration compared to 4.8E-3 using the normal distribution-based 

UCLg5 equation. The RMEHI for oral exposure to mercury was 4.6E+ 1 using ,the maximum 

concentration compared to 1 . 1E -t 1 using the normal distribution-based UCL, equation. The 

RhIEHI for oral ingestion of mercury was 1.7E-1 using the maximum concentration compared 

to 3.9E-2 using the normal distribution-based UCL, equation. The differences between 

RMEHI values are the same order of magnitude for oral exposure and one order of magnitude 

for dermal exposure. Since the most extreme examples for groundwater at Area F result in 

no more than one order of magnitude difference, it is likely that the use of the normal 

distribution-based UCL, equation over the lognormal distribution-based UCL, equation did 

not have a great impact on the outcome of this risk assessment. 

5.5.2.2 Ecolopical Exmsure Uncertainties 

Because the actual exposure for ecological receptors is unknown, scenarios are developed to 

estimate exposure doses that can then be compared with ecological benchmark concentrations 

or doses. Ecological benchmark concentrations are literature-derived values for the lowest 

concentration or dose of chemical causing an ecologically interpretable negative response to a 

test organism. -Ecologically interpretable negative responses may be either acute or chronic. 

These responses include lowered reproductive rates, lowered survival rates, etc. 
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5.5.2.2.1 For surface water, the assumptions are that the organism is exposed to the surface 

water exposure concentration for a length of time corresponding to the benchmark test 

conditions. Exposure is unlikely to be continuous for all organisms for several reasons as 

follows: 

1. Many aquatic organisms can swim into and out of contaminated zones, 

2. Exposure concentrations will fluctuate with changing water levels and other 

factors, and 

3. Many aquatic organisms such as chironomids spend only the larval stage of their 

life cycles in an aquatic habitat. 

5.5.2.2.2 Assuming continuous exposure may overestimate the potential for adverse effects. 

However, this scenario does not estimate potential uptake from sediments, pore water, or prey 

n 

items. The majority of the study area contaminants, except mercury, do not strongly 

bioaccumulate; therefore, uptake from food or incidental ingestion of sediments is not likely 

to be a major pathway (except possibly for benthic organisms). In addition, this pathway is 

not considered significant, as the home range for most animals at the study area is much 

greater than the area of contamination. Thus, an organism is not expected to spend 
e ) 100 percent of its time on the contaminated area. 

5.5.2.2.3 The uncertainty involved with estimating the amount of soil in the diet is high, but 

the exposure factors are designed to over, rather than underestimate the intake of 

contaminants. The exposure scenarios developed for soil exposure to terrestrial organisms, 

which assume certain percentages of soil in the diet, are derived primarily from EPA guidance 

(EPA, 1993). 

5.5.3 UNCERTAINTY ASSOCIATED WITH TOXICITY ASSESSMENT 

5.5.3.1 Uncertaintv Associated with the Human Toxicitv Assessment 

A majority of the uncertainty in an RA is associated with the use of dose-response data that 

have been generated under experimental laboratory conditions (using non-human mammals) 

and extrapolating these results for comparison to (i.e., RfD) human exposure under a different 

environmental exposure scenario. To extrapolate the experimental evidence from animals to 

humans, a series of uncertainty factors and modifying factors, which have been derived by 
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EPA, are applied. These uncertainty factors and modifying factors are the quantitative 

uncertainty associated with the value in question. 

5.5.3.1.1 As with the noncarcinogenic dose-response assessment, the carcinogenic dose- 

response assessment includes the following: 

1. Selection of the appropriate data sets; 

2. Derivation of estimates at low doses from experimental data at high doses, using 

an appropriate extrapolation model (extrapolation is ordinarily carried out first by 

fitting a mathematical model to the observed data and then by extending the 

model from the observed range down toward risks expected at low exposure) 

(IRIS, 1994); 

3. Selection of an equivalent human dose when animal data sets are used; 

4. Introduction of additional assumptions, with corresponding additional 

uncertainties, for route-to-route extrapolation when only one route has been tested 

in animals or evaluated in humans. 

5.5.3.1.2 The level of confidence associated with the CSFs from EPA can be obtained from 

the literature from which the dose-response studies for the carcinogenic COCs were obtained. 

The uncertainty factors associated with each toxicity factor used for the RA are included in 

Section 4.0. 

5.5.3.1.3 There is considerable uncertainty in estimates of toxicity values. Critical toxicity 

values are subject to change as new evidence becomes available. This may result in 

overestimates or underestimates of risk. For some chemical classes (i.e., PAHs), in the 

absence of toxicity values, the CSF or RtD of a highly toxic class member (i.e., 

benzo(a)pyrene for cancer risks) is commonly adopted. This approach may overestimate 

risks. 

5.5.3.2 Uncertainty Associated with the Ecolopical Toxicitv Assessment 

The derivation of an ecological benchmark for different chemicals and different indicator 

species was done using laboratory toxicity data that were available in the literature. To 

address the considerable amount of uncertainty associated with inter- and intraspecies 

extrapolation, several uncertainty factors have been applied. This approach may overestimate 
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risks, however, the approach allows for the quantitation of ecological risks for many species 

which do not have benchmarks. These uncertainty factors are the quantitative uncertainty 

associated with the value in question. 

/ 5.5.3.2.1 The preferred value that was sought for use as an ecological benchmark was a 

chronic LOAEL dose. An uncertainty factor of 10 was applied to all values that were 

extrapolated from one species to another species. 

5.5.3.23 When there was no chronic LOAEL value available for a chemical in the literature, 

other values such as LD& were used to derive a safe dose. An uncertainty factor of 10 was 

used to account for the extrapolation from an acute study to a chronic effect. 

5.5.4 UNCERTAINTY ASSOCIATED WlTH RISK CHARACTERIZATION 

The uncertainties of the risk characterization include the uncertainties associated with the 

previous three steps of the RA process. In most cases, the uncertainties are more than 

compensated for by inclusion of upperbound exposure concentrations, upperbound exposure 

factors (Section 3.0), uncertainty factors and modifying factors in developing BfDs and CSFs 

(Section 4.0), and incorporating conservative assumptions in estimated future risks by 

assuming that contaminant degradation does not occur (Section 3.2.2.2). Incorporation of the 

factors and variables to account for uncertainty in each step of the RA process presents a 

reasonable upperbound estimate of the risks and impacts scenario on which to calculate risks. 

This procedure ensures the protection of public health, because if the upperbound risk 

estimate represents an acceptable risk, then there is a high level of confidence that an adverse 

impact will not occur. Most of the cumulative carcinogenic risk estimated for each of the 

study areas is attributable to Category B2 (probable human) carcinogens. Thus, it is not 

known whether these chemicals actually cause cancer in humans, particularly at the low intake 

levels estimated for the study area. 
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Table 5.2-l. Summary of Human Health Risks and HIS for Areas F, G, R, and S/T (Page 1 of 2) 

Current Worker 

Future Worker 

Current Recreational 

Surface Water 



Table 5.2-l. Summary of Human Health Risks and HIS for Areas F, G, R, and S/T (Continued, Page 2 of 2) 

Future Worker 

Current Worker 

Future Worker 

Soil Ingestion c 0.1 NA 2E-09 
Dermal < 0.1 1 E-09 
Inhalation < 0.1 

12 
2E-11 

Subtotal < 0.1 NA 4509 
TOTAL 2 NA 8E-05 

Note: NA = not applicable. 
- = no volatiles detected in groundwater. 

Source: ESE. 



I Exposure I 
Area 1 Scenario 1 Medium 1 Route I COPC I Risk 

F I Future Worker I Soil I lnnestion IBenzo(a)pvrene I 2E-06 a 
I - 1 Dibenz(a, 1 ,. h)anthracene * 1 E-06 

TOTAL FOR SOIL. 3E-06 
Groundwater 1 Ingestion 1 Arsenic 3E-04 

ICarbon tetrachloride 1 4E-06 

Inhalation IChloroform 
Subtotal I 3E-04 

1 4E-06 
ICarbon tetrachloride 1 3E-06 

Table 5.2-2. Summary of Media and COPCs Exceeding Risks* Based on the Human Risk Characterization 

I Subtotal 7E-06 
TOTAL FOR GROUNDWATER 3E-04 

TOTAL FOR GROUNDWATER AND SOIL ERR 
G Future Worker Groundwater 1 Ingestion [Arsenic 5E-05 

TOTAL FOR GROUNDWATER 5E-05 
R Future Worker Soil I Ingestion IBenzo(a)pyrene 1 E-06 

TOTAL FOR SOIL 1 E-06 
Groundwater 1 Ingestion 1 Arsenic 4E-05 

IBis(2-chloroethyl) ether 
Subtotal 

Inhalation IChloroform 
Subtotal 

TOTAL FOR GROUNDWATER 
TOTAL FOR GROUNDWATER AND SOIL 

Future Worker 1 Groundwater IIngestion IVinyl chloride 

Inhalation 

2E-05 
6E-05 
1 E-05 
1 E-05 
7E-05 
7E-05 
fC AE 
“L-Vd 

Subtotal 6E-05 
IVinyl chloride 2E-05 

S/T 

2-Dichloroethane 

*Chemicals are listed if an individual chemical exceeds 1 E-06 risk within a medium. 

Source: ESE. 



Table 5.4-2. Ecotoxicity Quotients (EQs) for Potential Aquatic Indicator Species (Page 1 of 2) 

irea F - Surface Water 

laphnia magna Barium 
Lna clamitens Barium 
icenedesmus sp. Barium 

3.21 E-02 
3.21 E-02 
3.21 E-02 

5.WE+Ol (a) EPA, 1986 
S.WE+Ol (a) EPA, 1986 
S.WE+Ol (a) EPA, 1966 

6.42E-04 
6.42E-04 
6.42E-04 

kea F - Sediment 

;himnomus sp. Acetone 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fiuoranthene 
Carbon tetrachloride 
Chrysene 
Fluoranthene 
Methylene chloride 
Phenanthrene 
Pyrene 
Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 

5.25E-02 
3.29E-01 
3.40E-01 
3.03E-01 
3.OOE-03 
3.25E-61 
2.92E-01 
2.26E-02 
3.63E-01 
3.03E-01 
4.05E-02 
2.33E-01 
6.8OE-04 
1.05E-01 
1.07E-01 
3.98E-03 

,rea G - SurfaGe Water 

baphnia magna Acetone 1 S9E-02 
1 ,l-Dichloroathane 2.9OE-03 
Methylene chloride 5.70E-63 
Trichloroethene 1.59E-02 
Xylems 3.5OE-03 
Barium 6.07E-02 

!ana clamitans Acetone 1.59E-62 
l,l-Dichloroethane 2.9OE-03 
Methylene chloride 5.7OE-03 
Trichloroethene 1.59E-02 
Xylenes 3.5OE-03 
Barium 8.07E-02 

kansdesmus sp. Acetone 1.59E-02 
1 ,l-Dichloroethane 2.9OE-03 
Methylene chloride 5.70E-03 
Trichloroethene 1.59E-02 
Xylenes 3.50E-63 
Barium 8.07E-02 

xea G - Sediment 

rea R - Surface Water 

kaphnia magna lBis(2-ethylhexyi) phthalate 

I Chloroform 
Arsenic 

I Barium 
#ana clamitans Bise-ethyihexyl) phthalate 

Chloroform 

cenadesmus sp. f!$&$hexyi) phthalate 

l.llE-01 
2.12E-02 
4.25E-03 
7.23E-62 
5.44E-02 

1.69E-62 
1.75EJJ2 
1 WE-62 
1 WE-01 
8.07E-02 

O.OOE+W 
O.WE+OO 
1.69E-02 
1.75E-02 
1 WE-02 
1 WE-01 

3SOE+02 (b) 1.5OE-04 NA 
1.65E-04 (b) 2.OOE+O3 NA 
6.18E-06 (b) 5SOE+O4 NA 
5.51E-05 (b) 5.5OE+03 NA 
2.73E-63 (b) l.lOE+W 3.52E+Ol (c) IRIS. 1994 
1.63E64 (b) 2WE+O3 NA 
7.68E-64 (b) 3.86E+02 3.98E+W IRIS, 1994 
2.57E-61 (b) 8.8OE-02 l.lOE+Ol (c) IRIS. 1994 
2.59E-03 @) 1.4OE+02 6.3OE-03 IRIS, 1994 
7.97E-04 (b) 3.80E+02 NA 
2.03E-04 (d) 2.WE+02 1.9OE-01 40 CFR 141,142 
3.86E-03 (d) 6.WE+OI !%WE+Ol (a) EPA, 1986 
1.05E-04 (d) 6.50E+W 6.6OE-01 (e) EPA, 1986 
1.24E-04 (d) 85OE+02 2.10E-01 40 CFR 141,142 
1.19E-04 (d) 9.WE+02 2.58E-01 (9 EPA, 198Oc 
3.98E-04 (d) l.DOE+Ol 2.WE-02 (g) Rehwoldt et al., 1973 

7.53E+02 (b) 

6.40E-05 (d) 

- 

1 .WE-Ol (h) Verscheuren. 1983 
NA 

2.24E+02 (i) EPA, 1982 
6.40E+Ol 6) Canton and Adema. 1978 
1 .WE+W (h) Verscheuren. 1983 
5.WE+OI (a) EPA, 1986 
2.40E+W (in) HazardText, 1995 
2.02E+W (o,t) HazardText, 1995 
294E+W (0,~) HazardText. 1995 
4.5OE+W (i,n) HazardText. 1995 
1.69E-01 @.v) HazardText. 1995 
5.WE+Ol (a) EPA, 1986 

NA 
NA 

l.lOE+Ol (c) IRIS. 1994 
2.19E;Ol (a) EPA, 1986 

5WE+Ol (a) EPA, 1986 

1 SOE-04 
8.6OE02 
2.WE+02 
6.wE+ol 
85OE+02 

’ 5.WE+W (i) EPA, 198Ob 
2.89E+Ol Q EPA, 1980 (AWQC) 
9.12E-01 EPA, 198Oa 
S.WE+Ol (a) EPA, 1986 
2.WE-01 (q) Warns. 1987 
3SlE+W (r) Birl;le et al., 1980 
4.WE+Ol (s) USFWS, 1986 
5.WE+Ol (a) EPA, 1966 
3.6OE-01 6) IRIS, 1994 
1.24E+W (m) IRIS. 1994 
2.32E+W EPA, 198Oa 
5.WE+Ol (a) EPA, 1986 

7.75E-05 

1.93E-04 
2.33E02 
4.12E-01 

1.07E-03 
7.77E-05 
1.59E-04 
5.86E-04 
4.61 E-04 
1.99E-62 

I .59E-01 

2.54E-05 
2.46E-64 
3.50E-63 
1.61 E-03 
6.63E-03 
1.44E-03 
1.94E-03 
3.53E-03 
2.07E-02 
1.61 E-03 

5.18E-04 
7.26E-04 

161E-03 L 

2.19E-02 
1.12E-04 
2.41 E-05 
3.05E-04 

3.36E-03 
6.06E-04 
1.15E-02 
2.6OE-03 
4.04E-01 
O.WE+OC 
O.WE+OC 
O.WE+OC 
4.69E-02 
1.41 E-02 
4.53E-03 
2.60E-03 



Table 5.4-2. Ecotoxicity Quotients (EC&) for Potential AqLi&c lndkatoi Species (Continued, Page 2 of 2) 
,.A 

feaR - Sediment 

himnomus sp. Acetone 3.34E-62 
Senz(a)anthracene 7.75E-01 
Banzo(a)pyrane 8.80E-61 
Senzo(b)fluoranthene 1.81 E+W 
Senzo(ghi)perylene 9.20E-01 
Bis(2-ethyihexyl) phthalate 7.85E-01 
Carbon tetrachloride 1.07E-02 
Chrysene 8.28EOl 
1 ,l-Dichloroethane 1.87E-02 
Fluoranthene 5.11E-01 
Indeno(l,2$cd)pyrene 9.28E-01 
Methylene chloride 3.78E-02 
Pyrene 7.02E-01 
Arsenic 1.77E-02 
Barium 1.41 E-01 
Cadmium 8.12E-03 
Chromium 3.9OE-02 
Lead 5.9OE-02 
Mercury 1.07E-03 

Note: NA = benchmark not located in available literature. 
cont. = concentration. 

- = not applicable. 
sp. = species. 

mglkg = milligram per kilogram. 
ppm = part per million. 

mg/L = milligram per liter. 
Kd = organic partition coeflicient. 

Koc = organic carbon partiiion coefficient. 
foe = soil organic carbon fraction. 

2.23E+02 (b) 
3.88E-04 (b] 
1.80E-05 (b) 
3.29E-04 (b) 
5.75E-05 (b) 
2.14E-03 (b) 
9.73E-03 (b) 
4.13E-04 (b) 
2.88E-62 (b) 
1.34E-03 (b) 
5.79E-05 (b) 
;gJ; g; 

8:85E-O5 (d) 
2.35E-03 (d) 
9.42E-04 (d) 
4.59E-05 (d) 
8.58E-05 (d) 
1.07E-04 (Q 

T 
l.WE-64 NA 
2WE+03 NA 
55OE+O4 NA 
55OE+O3 NA 
lWE+O4 NA 
366E+O2 1.8OE+Ol (i) EPA, 1986b 
l.lOE+W 352E+Ol (c) IRIS. 1994 
2.WE+03 NA 
5.8OE-01 NA 
36OE+O2 398E+OO IRIS, 1994 
IWE+ NA 
8.8OE-02 l.lOE+Ol (c) IRIS, 1994 
36OE+02 NA 
2WE+02 1.9OE-01 40CFR 141.142 
8.WE+Ol S.OOE+Ol (a) EPA, 1986 
8.5OE+W 8.6OE-01 (e) EPA, 1988 
85OE+02 2.10E-01 40 CFR 141,142 
9.WE+02 2.58E-01 (f) EPA, 1980~ 
l.WE+Ol 2.WE-02 (g) Rehwoldt et al., 1973 

(a) Value avaitable in EPA’s Quality Criteria for Water (1988). but not a criteria value. 
(b) Porewater cont. = Sediment cont. I (Koc ’ foe). foe of 0.01 is used for site soils (Rosenblatt and Small, 1981). 
(c) Acute lowest effect concentration (LEC). 
(d) Porewater cont. - Sediment cont. !  Kd (retra Tech, 1988). 
(e) Hardness-dependent value for freshwater organisms based on 50 mg/L calcium carbonate (CaC03). 
(f) lo-day LCSO (concentration lethal to 50 percent of organisms), hardness = 47 mg/L. 
(g) Acute LC50/EC50 for mercuric nitrate, as mercury. 
(h) 24-hour median tolerance limit (TLm). 

EC50 is the effective concentration for 50% of organisms. 

(i) 48-hour LC50. 
(j) Species acute value. 
Q 46hour static bioassay. 
(I) Chronic ambient water quality criteria (AWQC). 
(m) Chronic LEC. 
(n) Adjusted value for clawed toad. 
(0) Adjusted value for the guppy. 
(p) Adjusted value for the goldfish. 
(q) Adjusted value for Xenopus hevis (toad). 
(r) Adjusted value for toads/frogs. 
(s) Adjusted value for narrow-mouthed toad. 
(1) 7dayLC56. 
0.4) 14day LC50. 
(v) W-hour LC50. 

l Surface kater and porawater concentrations are in mglL; sediment concentrations are in mgkg. 

Source: ESE. 

1.19E-04 
2.78E-04 

3.38E-04 

3.88E-02 

4.66E-04 
4.70E-05 
1 BE-03 
2.18E-04 
2.54E-04 
5.35E-03 



Table 5.11. Comparison of Normal and Lognormal Distribution-Based UCL95s for Groundwater at Area F 

Constituent 

Ratio of 

Lognormal Distribution 

Normal Lognormal Maximum Smaller of Lognormal or Maximum Normal Lognormal with 

UCL95 (b) UCL95 (0) Cono’n (d) UCL95 and Maximum (e) Diff. (f) to Normal (g) Prob<W (h) Prob<W (i) Distribution Better Fit 

Volatile Organics (ma/L) (a) 
Acetone 3.21 E-02 4.7OE-02 8.4OE-02 4.70E-02 (UCL95) 1.49E-02 1.46 0.0001 0.0001 Unknown Lognormal 
Chloroform 5.96E-03 5.49803 1.6OE-02 5.49G03 (UCL95) -4.65G04 0.92 0.0001 0.0001 Unknown Lognormal 

Carbon tetrechloride 7.97E-03 8.71 E-03 1.7OE-02 8.71 E-03 (UCL95) 7.39E-04 1.09 0.0002 0.0023 Unknown Lognormal 

Trichloroethene 3.29E-03 3.28803 5.00E-03 3.28E-03 (UCL95) -1.35E-05 1 .oo 0.0001 0.0001 Unknown Lognormal 

Metals (Total, mg/L) 
Arsenic 4.02E-02 1.43E-01 1 .lOE-01 1 .I OE-01 (Maximum) 6.98E-02 2.74 0.0004 0.0865” Lognormal Lognormal 

Barium 9.13802 8.56802 3.2OE-01 8.56E-02 (UCL95) -5.70E-03 0.94 0.0001 0.0051 Unknown Lognormal 

Cadmium 3.69E-03 3.47b03 7.6OE-03 3.47E-03 (UCL95) -2.1 SE-04 0.94 0.0001 0.0001 Unknown Same 

Chromium 6.86E-03 7.1 SE-03 1.61 E-02 7.19E-03 (UCL95) 3.29E-04 1.05 0.0001 0.0004 Unknown Lognormal 
Lead 1.28E-02 1 .OOE-02 5.24E-02 1 .OOE-02 (UCL95) -2.72E-03 0.79 0.0001 0.0001 Unknown Lognormal 

Mercury 3.26E-01 3.53E+OO 1.4OE+OO 1.4OE+OO (Maximum) l.O7E+OO 4.29 0.0001 0.0001 Unknown Lognormal 

Notes: 
(a) mg/L = milligrams per liter 

(b) Normal UCL95 is the upper 95% confidence limit of the arithmetic mean for a normal distribution 
(c) Lognormal UCL95 is the upper 95% confidence limit of the arithmetic mean for a lognormal distribution 

(d) Maximum concentration is listed because the maximum concentration should be used as the exposure concentration if the UCL95 is greater than the maximum concentration 

(e) Maximum concentration should be used as the exposure concentration if the UCL95 is greater than the maximum concentration 

(f) If lognormal UCL95 is less than the maximum concentration, then Difference = Lognormal UCL95 - Normal UCL95. 

If lognormal UCL95 is greater than the maximum concentration, then Difference = Lognormal UCL95 - Maximum Concentration. 

(g) If lognormal UCL95 is less than the maximum concentration, then Ratio = Lognormal UCL95 I Normal UCL95. 

If lognormal UCL95 is greater than the maximum concentration, then Ratio = Maximum Concentration I Normal UCL95. 

(h) The Shapiro-Wilks test (aka W-test) statistic was used to determine if the nontransformed data come from a normal distribution. 
Values greater than or equal to 0.05 indicate that the data come from e normal distribution (note that none of the concentretions are normally distributed) 

0) The W-test statistic was used to determine if the natural logarithm-transformed data come from a normal distribution. 

Values greeter than or equal to 0.05 indicate that the data come from a lognormal distribution (note that only arsenic concentrations are lognormally distributed) 

Sources: G&M, 1991 and 1992; ESE, 1995. 



Table 5.52. Intakes and RMEHIs for the Two Largest Observed Differences in UCL95s 
for Groundwater at Area F 

Normal 
Distribution-Base 

Maximum Concentration 

d UCL9, Equation 
(Less Than Lognormal 

Distribution-Based UCh5 Equation) 

Analyte Pathwa Intake RMEHI Intake RMEHI 
Y 

Arsenic Oral 3.9E-4 1.3E+O 1.4E-3 4.7E+O 

Decal 1.4E-6 4.8E-3 S.lE-6 1.7E-2 
Mercury Oral 3.2E3 l.lE+l 1.4E-2 4.6E+ 1 

Decal 1.2E-5 3.9E-2 SOE-5 1.7E-1 
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Table 5.6-l. Uncertainty Associated with the RA Process 

BRA Component 

XGU~ Identification 

Potential for Uncertainty 

a Initial selection of COPCs 
0 Tentatively identified compounds 
. Limited chemical monitoring data 
. Extraneous comamination introduced during sampling or 

analysis 
. Use of inappropriate analytical methods or method 

detection limits 

cposure Assessment . Selection of site-specific exposure pathways 
. Estimation of exposure concentrations with limited 

monitoring data 
0 Estimation of exposure to multiple substances 
0 Estimation of inhalation exposure to volatiles, suspended 

dust 

lxicity Assessment 

. Estimation of exposure factors and parameters 

. Use of current data for future exposure conditions 

. Use of normal distribution-based UCI+ equation instead 
of lognormal distribution-based UCI+5 equation 

. Selection of toxicity values 

. Factors used to derive toxicity values including 
interspecies extrapolation 

. Weight of evidence for human toxicity 

. Derivation of carcinogenic slope factors 

. Extrapolation of less-than-lifetime exposure to lifetime 
cancer risks 

isk Characterization 

. Interaction of multiple substances 

. Use of high to low dose extrapolation models 

. Addition of risks across multiple exposure pathways 

. Addition of risks from multiple substances 

. For PAHs, in the absence of CSFs for most of the 
PAHs, the CSF of a highly toxic PAH is adopted for all 
PAHs in the class 

Source: ESE. 

P/RsA/BRAl-v.17 
07/03/95 



6.0 REMEDIALGOALOPTIONS (RGOs) 

The purpose of the BRA for RSA Areas F, G, R, and S/T was to assess the potential human 

health and the ecological impacts associated with the study-area-related chemicals under 

current and future land-use conditions, assuming that no remedial action is occurring at the 

study area. Those chemicals that pose unacceptable health risks in the baseline RA also 

referred to as the final chemicals of concern (COCs), are further evaluated in the FS to 

evaluate a reasonable range of remedial alternatives for migration control and source control 

measures to reduce study area contaminants to acceptable levels. Thus, RA input is required 

in the FS to ensure that the overall remediation goal for the study area, which is to protect 

human health and the environment by preventing or reducing contaminant release or migration 

by implementing appropriate remedial actions, is achieved. 

6.0.1 The Supertimd Amendments and Reauthorization Act (SARA) requires that remedial 

actions attain a degree of contaminant cleanup that ensures protection of public health and the 

environment. Thus, in the event that the baseline RA of a study area indicates the need to 

reduce study area COCs to acceptable health-based levels, RGOs must be developed. RGOs 

are chemical-specific concentration goals for individual chemicals for specific medium and 

land use combinations at CERCLA study areas (EPA, 199lbRAGS B). There are two 

sources of RGOs: (1) concentrations based on applicable and relevant or appropriate 

requirements (ARARs), and (2) concentrations based on risk assessment (risk-based 

concentrations under specific exposure conditions) (EPA, 1991b/RAGs B). 

6.0.2 A chemical-specific ARAR may not always be protective if the chemical exists in a 

mixture; in addition, chemical-specific ARARs have not been established for many chemicals, 8 

particularly for chemicals detected in soil. Thus, in the absence of an ARAR or, in instances 

where an ARAR is not protective, RGOs can be developed based on the BRA to ensure that 

they meet the threshold criteria of (1) protection of human health and the environment, and, 

(2) compliance with ARARs (EPA, 1991b/RAGS B). 

6.1 DEVELOPMENTOFRGOs 

RGOs for RSA were established based on the most current EPA guidance on the role of the 

baseline RA in the remedy selection process (EPA, 1991C), as well as guidance regarding the 
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development of RGOs (EPA, 199URAGS B; Region IV Supplemental Guidance, 1994). As 
stated in EPA guidance (EPA, 1991C), action is generally not warranted at a Superfund study 

area if the following occurs: 

1. The cumulative carcinogenic study area risk to an individual based on reasonable 

maximum exposure for both current and future land use is less than 104, 

2. The noncarcinogenic hazard quotient is less than 1, 

3. No adverse environmental impacts exist, and 

4. ARARs (i.e., MCLs, non-zero MCLGs) are not exceeded. 

6.1.0.1 RGOs may not be required for a COC in the event that the above four criteria are 

met. This is consistent with EPA guidance on development of Preliminary Remedial Goals 

(PRGs) (EPA, 1991\RAGS B), which states that RGOs must be maintained for contaminants 

in a medium when any of the previously listed criteria are exceeded. According to EPA 

Region IV Supplemental RAGS guidance, RGOs should be identified/developed for those 

chemicals addressed in the BRA that meet the following criteria: 

1. Contribute to a pathway that exceeds a lo4 risk (or whatever risk level is chosen 

as the remediation “trigger” by the risk manager), or 

2. A HI of 1 or greater, or 

3. A COPC exceeds a state of federal chemical-specific ARAR. 

6.1.0.2 According to EPA Region IV Supplemental guidance (EPA, 1994), chemicals need 

not be included for RGO development if their individual carcinogenic risk contribution to a 

pathway is less than 10d or their noncarcinogenic HQ is less than 0.1. 

6.1.0.3 Thus, based on EPA risk assessment guidance and the results of the BRA, a list of 

media cleanup levels was established for each COC in each land-use scenario that met the 

following combined region-wide and region-specific criteria: 

1. Contributes to a pathway that exceeds a lOA risk, 

2. The individual HQ contribution to a pathway is greater than 0.1 for a pathway 

that results in a cumulative HI greater than 1, 

3. An EQ exceeds 1, and 

4. A COPC exceeds a state or federal chemical-specific ARAR. 
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6.1.0.4 Except for future worker groundwater exposure at Area F, all cumulative risks at the 

study area are within the permissible cumulative risk range of 1 x lo-6 to 1 x 104. In 

addition, a cumulative HI of 1 was exceeded at all five areas. Therefore, RGOs were 

developed for groundwater for all five areas. 

6.1.1 RGOs FOR GROUNDWATER 
1 

The results of the risk characterization at RSA Areas F, G, R, and S/T indicate that 

cumulative risks associated with future worker RME potential exposures to groundwater at 

these areas are within the EPA cumulative risk range of 1 x 10e6 to 1 x lo4 for all areas 

except Area F. Area F cumulative risk associated with exposure to groundwater is 2.6 x lOA, 

which slightly exceeds 1 x 104. These risk results suggest that remediation for the study 

area-related contaminants may not be required at Area G, R, and S/T, as the cumulative risk 

of 1 x lOA is not exceeded for this medium. However, because this cumulative risk level has 

not yet been selected by the risk manager, all chemicals contributing to an individual risk of 

1 x lo4 within a pathway were included in the RGO table for risk management decision 

making. The noncarcinogenic HQ and HI analysis indicates that all five study areas result in 

cumulative HIS that exceed the target HI of 1. Thus, RGOs were developed for those 

compounds contributing 0.1 or greater to the HI. 

6.1.1.1 Development of RGOs for Individual Groundwater Contaminants 
Exceeding 1 x 10m6 Risk or an HI of 1 

The RGOs for potential carcinogens were developed by combining the receptor intake levels 

to each chemical posing a risk greater than 1 x 106 for a pathway contributing a risk in excess 

of 1 x 10T4 or an HQ greater than 0.1. The RGOs were developed from all appropriate routes 

of exposure; (i.e., inhalation, ingestion, and dermal exposure) within a pathway and by 

rearranging the study-area-specific chemical intake equations used in the exposure assessment 

(see Appendix C) to solve for the concentration term. 

6.1.1.1.1 Because the dermal exposure pathway did not contribute significantly to the overall 

groundwater risk, the two primary exposure routes considered when developing RGOs for 

groundwater at RSA included incidental ingestion and inhalation exposure. These two 

pathways were evaluated as a single algorithm to develop a RGO that is protective for all of 

the potential significant pathways of exposure to groundwater. RGOs for potential 
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carcinogenic and noncarcinogenic effects were calculated using the following algorithms, 

Equation 2 and Equation 3, respectively. 

cgw= 
TR x BW x ATuy, x 365 days/year 

EFxEDx[(CSF,xIR& +(CSF,xIR,xFC,xETJ] 
(6-l) 

where: TR = 

BW = 

AT,, = 

EF = 

ED = 

IRw = 

CSF,, = 

CSFi = 

IR, = 

FC, = 

target risk (unitless). 

body weight (kg). 

averaging time for carcinogenic exposures (years). 

exposure frequency (days/year). 

exposure duration (years). 

intake rate for groundwater (L/day). 

oral cancer slope factor [(mg/kg/day)-l]. 

inhalation cancer slope factor [(mg/kg/day)-r] 

intake rate for shower air (m3/hour). 

factor to convert groundwater concentration to shower air 

concentration (L/m3). 

ET, = exposure time for shower air (hours/day). 

Equation 3 for noncarcinogenic effects: 

C*= 
1311 x BW x ATmmarc x 365 &w/year 

(EDxEF)x[(l/RjDoxIR& +(l/RjDixFC,xIR,xET,)] (6-2) 

where: THI = 

BW = 

AT,,,, = 

EF = 

ED = 

I$, = 

RID0 = 

RfDi = 

IR, = 

PiRSNBRAL-6.4 
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target risk (unitless). 

body weight (kg). 

averaging time for noncarcinogenic exposures (years). 

exposure frequency (days/year). 

exposure duration (years), 

intake rate for groundwater (L/day). 

oral reference dose (mg/kg/day). 

inhalation reference dose (mg/kg/day). 

intake rate for shower air (m3/hour). 

6-4 



FC, = factor to convert groundwater concentration to shower air 

concentration (L/m?. 

ET, = exposure time for shower air (hours/day). 

6.1.1.1.2 The list of the exposure factors used to calculate chemical intakes and the sources 

used to develop the exposure factors are presented in Appendix C. Table 6. l-l lists the 

RGOs for grotmdwater based on potential carcinogenic and noncarcinogenic risk results along 

with federal MCLs, if available. A summary of the exposure concentrations and RGOs are 

presented in Table 6.1-2. As shown in this table, the majority of groundwater risk is driven 

by noncarcinogenic effects. 

6.1.2 RGOs BASED ON ECOLOGICAL RISKS 

The EQ analysis indicates none of the aquatic and terrestrial indicator species evaluated at 

each study area resulted in EQs exceeding 1. Thus, RGOs were not developed based on 

ecological exposure. 
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Table 6.1-I. Preliminary RGGs Associated with Future Worker Oral and Inhalation Exposure to Contaminants in Groundwater at Areas F. G. R. and SK 

Potential Carcinogens 
AISdC 

Chloroform 
Lead G,R,SK - - - . .w - - - - - - - - - - - - em 1.5E-02 (c) 

Noncarcinogens 
Barium G - .e - . - . - .w - 7.2E-01 7.2EtW T.lSE+Ol na ru M 7.2E-01 7,2E+OO 7.2E+Ol Z.OE+SO 
Cadmlum G,R . . - - - - - - - 5.lE-03 5.lE-02 5.1lE-01 5.lE-03 5.1E-02 5.lE-01 5.OE.03 
Chlorobenzene m - - - - - - - . - 2.OfZ-01 2.OEtOS 2.04E+Ol 2.;- 2.7:bl 2.7nEa+oo 2.4E.02 2.4E-01 2.4E+OS l.OE-01 
Chromium G,R - - - . - - - - - 5.lE-02 5.lE-01 5.llE+OtT ns na na 5.lE-02 5.lE-01 5lE+OO l.OE-01 (d) 
Mercury F e. - - - - - - - - 3.lE-03 3.1E-02 3.07E-01 na na na 3.lE-03 3.lE-02 3.lE-01 2.05-M 

Note: na - inhalation of metak from groundwater k not applicable. 
nd = no inhalation CSF and/or RtD determined. 

(a) National Interim Primary Drtnktng Watar Reguktion. 
(II) Value for total Mhalomethanes. 
(c) EPA drinking water action levef. 
(d) Value based on total chromium. 

Source: ESE. 



7.0 SUMMARY AND CONCLUSIONS 

7.1 OBJECTIVES OF THE BRA 

The purpose of this BRA is to determine the human health and ecological risks associated 

with the no-action alternative at Areas F, G, R, and S/T, to determine which areas, media, 

and contaminants require further evaluation in the FS. Specific objectives of the process were 

to: 

1. Provide an analysis of baseline risks to assist in determining the need for action at 

these areas, 

2. Provide a basis for recommendations of RGOs. 

3. Provide a consistent method for evaluating and documenting human health or 

ecological threats at these areas. 

7.2 ORGANIZATION OF THE RISK ASSESSMENT REPORT 

This BRA was conducted in accordance with RAGS, Vols. I and II (EPA, 1989, EPA 1991a); 

RAGS updates and supplements, as well as current Region IV RAGS, in the following five 

phases: 

1. Hazard identification/selection of COPCs, 

2. Exposure assessment, 

3. Toxicity assessment, 

4. Risk characterization, and 

5. Development of RGOs. 

7.2.0.1 Identification of COPCs involves analyzing the site monitoring data by focusing on 

human health and the environmental impact of the chemical(s) under consideration. This step 

requires development of a data set to be carried through the quantitative risk evaluation 

(Section 2.0). The exposure assessment is conducted to estimate the magnitude, frequency, 

and the pathways of actual and/or potential exposure to human and nonhuman receptor 

populations (Section 3.0). The toxicity assessment (Section 4.0) summarizes the available 

human health and ecological impacts data as described in published literature, and identifies 

the dose-response information to be used to calculate health risks. The last step in the BRA, 

risk characterization (Section S.O), integrates the information obtained in the exposure and 
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toxicity assessment sections to determine the human and ecological health risks associated with 

potential exposure to site-related contaminants. In addition, a summary of the uncertainties 

associated with each component of the BRA is presented in Section 5.0. At the completion of 

risk characterization, the chemicals and media that pose unacceptable risks are identified and 

health-based remediation goals, also referred to as RGOs are developed (Section 6.0). The 

purpose of RGOs is to provide the FS with preliminary goals to be met by the recommended 

remedial alternative. 

7.2.1 OVERVIEW OF HAZARD IDENTIFICATION 

The hazard identification identified the primary site-related COPCs at the study areas. Based 

on past site operations and disposal activities at the five areas of concern, the COPCs 

evaluated in this BRA included a subset of inorganics (excluding a number of metals because 

they were representative of background conditions), volatile organics, semivolatile organics, 

and several pesticides. While EPA risk assessment guidance allows for a reduction in the 

number of chemicals that must undergo complete evaluation in the risk assessment (i.e., focus 

the risk assessment on those chemicals that are most toxic), computers enable the risk assessor 

to completely evaluate all pertinent data. Thus, the only data screening that was performed 

for this BRA for the inclusion of all contaminants that were thought to be site-related, and 

contaminants that were detected at levels significantly above background. The COPCs for the 

study areas were identified based on the results of the chemical selection and screening 

activities and included the following: 

vocs 
Acetone 
Benzene 
Carbon tetrachloride 
Chlorobenzene 
Chloroform 
Dichloroethane, 1, l- 
Dichloroethane, 1,2- 

svocs 
Miscellaneous SVOCs 
Bis(2-chloroethyl)ether 
Bis(2-ethylhexyl)phthalate 
Butlybenzyl phthalate 

Dichloroethenes, 1,2-,total 
Ethylbenzene 
Methylene Chloride 
Tetrachloroethene 
Trichloroethene 
Vinyl chloride 
Xylenes, total. 
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PAJG 
Acenapthene 
Anthracene 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(ghi)perylene 
Chrysene 

Fluoranthene 
Flourene 
Indeno(l,2,3-cd)pyrene 
Phenanthrene 
Pyrene 

Pesticides 
DDE 
DDT 

Inowanic Chemicals 

Arsenic 
Barium 
Cadmium 
Chromium 

Lead 
Mercury 
Selenium 

7.2.2 OVERVIEW OF THE EXPOSURE ASSESSMENT 

An exposure pathway describes the course a chemical takes from the source to the exposed 

receptor. An exposure pathway analysis links the sources, locations, and types of releases 

with population locations and physical activity patterns to determine the significant exposure 

pathways of human and nonhuman exposure. 

7.2.2.1 The primary human exposure pathways quantified in the BRA for different study 

areas are as follows: 
. 

Exnosure Pathway 

Current Recreational 

Current Worker 

Future Worker 

Medium &g 

Surface water/Sediment G 
Fish ingestion G 

Soil F,SandT 

Soil and Groundwater F, G, R, S and T 
Surface water/Sediment G 

7.2.2.2 Current onsite worker exposure assumes that a worker may incidentally come into 

direct contact with soil. Soil contaminants can be incidentally ingested, absorbed through the 

skin or inhaled in the form of suspended dust. Current recreational exposure assumes that an 
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individual may incidentally come into direct contact with surface water and sediment while 

fishing near Area G. In addition, if fish are caught, risks are evaluated for ingestion of fish 

caught from this area. 

7.2.2.3 Future onsite worker exposure assumes that a worker may incidentally come into 

direct contact with soil, surface water, and sediment. Soil contaminants can be incidentally 

ingested, absorbed through the skin or inhaled in the form of suspended dust. Groundwater is 
evaluated in the event that groundwater under the area is used for potable purposes. 

7.2.2.4 While additional human exposure pathways exist, they were not included for 

quantification (i.e., future recreational activities at all of the study areas). Potential risks due 

to these pathways are indirectly evaluated in the future worker scenario where exposure 

duration is much greater. 

7.2.2.5 The primary ecological exposure pathways quantified in the BRA for different study 

areas are as follows: 

Exnosure Pathway 

Aquatic Exposure 
(freshwater fish and 
aquatic invertebrates) 

Medium &&j 

Surface water/Sediment G,R 

Terrestrial Exposure 
(biota, birds, and mammals) 

Soil F, G, R, S/T 

7.2.3 OVERVIEW OF TOXICITY ASSESSMENT 

The toxicity assessment summarizes and weighs the available evidence for the potential of a 

COPC to cause adverse effects in exposed individuals (humans and ecological receptors) and 

to provide, where possible, an estimate of the relationship between the extent of exposure to a 

chemical and the increased likelihood and/or severity of adverse effects. The toxicity 

assessment involves developing profiles for each COPC and summarizes the available 

toxicological information to include human health and ecological effects, as well as summarize 

criteria and standards. The human health and ecological health risks from potential exposure 

to site contaminants is assessed based on the available toxicity information. 
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7.2.4 RISK CHARACTERIZATION 

7.2.4.1 Human Risk Characterization 

The risk characterization process defines the nature and degree of adverse human or 

ecological health effects that may occur from exposure to site-related contaminants under the 

conditions described in the exposure assessment. In addition, the risk characterization 

attempts to identity the contaminant source areas associated with the most significant risk so 

that remedial actions can be targeted in the most cost-effective manner to reduce health risks 

to acceptable levels. Health risks are determined by integrating the information developed in 

the three previous steps. For potential human exposures, the potential for noncarcinogenic 

hazards and carcinogenic risks are calculated separately for each exposure route (i.e., 

ingestion, dermal absorption) and are reported either as a ratio noncarcinogenic HI or as a 

probability (cancer risks). 

7.2.4.1.1 The site-specific carcinogenic risk estimates are determined using the UCL,, 

concentrations and the exposure factors presented in Section 3.0. The potential risks resulting 

from exposure to the site contaminants are compared with the EPA target cumulative risk 

levels. Acceptable exposure levels are the contaminant concentration levels that present an 

excess cancer risk of lOa (1 in 1,000,000) to lo-4 (1 in 10,000) to the exposed population, 

based on the dose-response information for each carcinogenic COPC, 

(NCP 40 CFR 300, 430:62). When a cumulative carcinogenic risk within a medium (i.e., 

groundwater) exceeds lo4 (1 in 10,000 excess cancer risk), CERCLA generally requires 

remedial action at the site (EPA, 1991a). If the cumulative risk is less than 104, action 

generally is not required but may be warranted if a chemical-specific standard that is risk- 

based (e.g., MCL) is violated. A risk-based remedial decision could be superseded by the 

presence of noncarcinogenic impact or environmental impact requiring action at the site. 

Therefore, based on the latest EPA Superfund guidance (EPA, 1991a), the cumulative risks 

are compared to 104, while the cumulative noncarcinogenic HI are compared to the target HI 

of 1. 

7.2.4.1.2 To calculate the total risk to a receptor, risks were added across the pathways if the 

same individual was assumed to be exposed via multiple pathways (e.g., a person working 

with the soil onsite could be exposed via ingestion, dermal, and inhalation pathways). 
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7.2.4.1.3 The results of the human BRA indicate that the following scenarios exceed either a 

cumulative risk of lo4 or an HI of 1: 

&g Medium 

F Groundwater 

G Groundwater 

R Groundwater 

S/T Groundwater 

Exuosure Pathway 

Future worker 

Future worker 

Future worker HI > 1 

Future worker HI > 1 

gi& 

1 x 10” 

HI > 1 

HI > 1 

COPC 

Arsenic, carbon 
tetrachloride, 
chloroform 

Arsenic, mercury, 
carbon tetrachloride 

Arsenic, barium, 
cadmium, chromium 

Arsenic, cadmium, 
chromium 

i 

Benzene, 
chlorobenzene 

In addition, the MCL for lead was exceeded at Areas G, R, and S/T. 

7.2.4.2 Ecolo&~l Risk Characterization 

Methods are still being developed to quantify risks to aquatic and terrestrial ecosystems. 

Variability in population dynamics and other parameters is often great even under natural 

conditions. Sufficient data on a site’s ecosystem(s) are seldom available for comprehensive 

analysis. However, comparisons of ecotoxicological benchmarks and potential exposure 

concentrations resulting in EQs can be calculated to screen for potential problems (much like 

HIS are calculated for human exposure). One important difference between ecological and 

human health evaluations is that the emphasis is placed on populations, communities, and 

ecosystems in nonhuman systems (unless the site evaluation must include one or more rare or 

endangered species). Therefore, the potential effects predicted for individuals must then be 

extrapolated to populations and communities to evaluate the potential for measurable adverse 

impacts to the ecosystem. 

7.2.4.2.1 Toxicity benchmarks for terrestrial wildlife were compared directly to the RME 

exposure concentrations at each study area, as were benchmarks for aquatic receptors. 

Concentrations of contaminants in the sediments were converted to porewater concentrations 

via standard equilibrium partitioning methods. Porewater concentrations were then compared 
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to toxicity information for chironomids, when available, or to ambient water quality criteria 

for the prottiction of freshwater aquatic life when chironomid data were unavailable, 

7.2.4.2.2 EQs that are less than one suggest that there is a low probability of an adverse 

effect occurring to the individual receptor. EQs greater than one indicate that there is some 

probability of an adverse effect occurring to the individual receptor. The higher the EQ, the 

greater the probability of an adverse effect. The results of the risk analysis indicate that none 

of the EQs exceed 1, nor do the surface water concentrations exceed AWQCs, indicating that 

Areas F, G, R, and S/T do not pose unacceptable risks to terrestrial or aquatic receptors 

based on the exposure assumptions evaluated. 

7.2.5 RGOs 

The SARA requires that remedial actions attain a degree of contaminant cleanup that ensures 

the protection of public health and the environment. i’hus, the risk characterization results 

are used to identify whether site COPCs need to be reduced to acceptable health-based levels. 

The acceptable health-based levels are referred to as RGOs, which are chemical-specific 

concentration goals for individual chemicals for specific medium and reasonable land use 

combinations. 

7.2.5.1 Based on the results of the risk characterization, all five areas, Areas F, G, R, and 

S/T resulted in excess risk and/or HI based on the future worker exposure scenario to 

groundwater, thus, this scenario was the basis for developing RGOs at these areas. In 

summary, the RGOs are developed for the following chemicals to provide risk managers with 

the maximum risk-related media level options on which to develop remediation aspects of the 

FS: 

&g Medium COPCs Requiring RGO Development 

F Groundwater Organics: Carbon tetrachloride, chloroform 
Inorganics: Arsenic, mercury 

G Groundwater Inorganics: Arsenic, barium, chromium, 
cadmium, lead 

R Groundwater Inorganics: Arsenic, cadmium, 
chromium, lead 

SIT Groundwater Organics: 
Inorganics: 

Benzene, chlorobenzene 
Lead 
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